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RADIOLOGICAL SURVEY OF THE FORMER KELLEX RESEARCH FACILITY, 

JERSEY CITY, NEW JERSEY 

B. A. Berven W. D. Cottrell 
H. W. Dickson R. W. Doane 
W. A. Goldsmith F. F. Haywood 
W. M. Johnson* M. T. Ryan 

W. H. Shinpaugh 

ABSTRACT 

A radiological survey has been conducted at the site of the 

former Kellex Corporation Research Facility in Jersey City, New Jersey. 

Kellex played a major role in the Manhattan Project, particularly in 

the area of engineering research in gaseous diffusion for uranium 

enrichment. As a result of those operations and subsequent work with 

radioactive materials, this site was selected for a radiological sur- 

vey by the Department of Energy (DOE) [then Energy Research and Devel- 

opment Administration (ERDA)] in its program aimed at reviewing and 

documenting the radiological status of properties associated with 

early source material contracts. The survey included measurement of '. 
external gamma radiation, beta-gamma surface dose rates, alpha and 

beta surface contamination, concentrations of selected radionuclides 

in surface and subsurface soil and water on the site, and background 

radiation in the northern part of New Jersey. The results of the 

radiological survey indicate' radionuclide concentrations in the soil 

and water on the former Kellex property are within background levels, 

with the exception of nine isolated and well-defined areas on the site 

of the former Kellex Laboratory. 

*Deceased. 
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INTRODUCTION 

At the request of the Department of Energy (DOE) [then Energy 

Research and Devel 

was conducted at 

New Jersey.* The 

Route 440 and Kel 

lpment Administration (ERDA)], a radiological survey 

the former M. W. Kellogg Company in Jersey City, 

site, located at the intersection of New Jersey 

ogg Street, was an industrial park which included 

the Kellex Corporation Research Facility. Figures l-5 are aerial 

photographs of the Kellex site between 1940 and 1966. The photographs 

reflect the changing on-site conditions with time. A diagram of the 

Kellex site indicating the location and orientation of the on-site 

buildings at the time the facility was operational (1943-1952) is 

shown in Fig. 6. All of these buildings have been removed since that 

time. 

Kellex was formed by Kellogg in 1943 to carry out engineering 

research in gaseous diffusion for uranium enrichment as a part of the 

Manhattan Project. The main research activities of Kellex involved 

component testing with uranium hexafluoride. 

According to sparse records of early (1951-1953) radiological 

surveys conducted by the AEC's New York Operations Office, it was 

believed that all of Kellex's operations were initially conducted in a 

single building on the site. This building was designated Building 11 

and contained several laboratories, offices, weighing facilities, 

toilets, change rooms, and a shielded counting room. The radioactive 

materials handled in this building included material from a "purex" 

uranium recovery process, natural uranium, and some pitchblende. 

There was no information regarding any other radioactive material 

which might have been handled in this building, nor was there any 

information regarding the relative quantities of such materials from 

the purex process, uranium, or pitchblende. 

In early 1943, uranium hexafluoride research was transferred from 

Building 11 to Building A on the western edge of the site1 (Fig. 6). 

*The survey was carried out in two phases. Initial work was done 
in March 1977. Additional survey work was conducted in the summer of 
1979. 
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Fig. 2. Aerial photograph of'the Kellex site and surrounding area in January, 1944. 
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In 1945, all gaseous diffusion equipment was removed and relocated to 

the Oak Ridge Gaseous Diffusion Plant (K-25) in Oak Ridge, Tennessee. 

On June 25, 1953, a Contamkdon Status Report was published by 

the Vitro Corporation of America and detailed the findings of a "final 

radiation and contamination survey" of the Jersey City Laboratory 

(Appendix I). In this report, it was indicated that most external 

gamma radiation readings were less than 100 pR/h*, and no transferable 

alpha or beta-gamma contamination was observed in any of the accessi- 

ble areas. Some elevated gamma-ray readings were noted in a duct used 

for exhausting hoods in two of the laboratories in Building 11. One 

reading equivalent to 600 uR/h was observed on a wall in the chemical 

storage area. Since 1953, Building 11 has been demolished. Its loca- 

tion was estimated from a sketch of the property which was made in the 

1950s and is shown by a dotted outline in Figs. 7 and 8. In the above 

report, there was no mention of the gaseous diffusion research which 

was Conducted in Building A (Fig. 6) nine years earlier, and no 

measurements were taken in that building. 

Ownership and use of the property have also changed Since 1953. 

The site of the laboratory is currently owned by Pierpont Associates, 

Incorporated, and managed by Harborside Management Company. Approxi- 

mately 17 ha (43 acres) of the original property have been sold. 

A Portion of the Pierpont Associates property is occupied by a Path- 

mark supermarket and its parking lot. Approximately 10 ha (25 acres) 
, 

remain under Pierpont ownership, including the laboratory site where 

radioactive materials were handled. A large portion of this property 

is currently occupied by Stadium Plaza, a new shopping center with 

associated parking lots (Fig. 9). 

A preliminary survey of the Kellex site was made by a OOE repre- 

sentative and an Oak Ridge National Laboratory (ORNL) health physicist 

On October 21, 1976. This cursory survey of the PropertY revealed 

average external gamma-ray readings of 5 to 6 pR/h. For the north- 

eastern part of the United States, this is approximately equivalent to 

natural background radiation levels. However, it was decided that a 

*Conversion for SI units are located in Appendix II. 
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Fig. 7. Extent of former Kellex site as surveyed in 1977 
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11; the machine shop was a portion of Building 1.) 
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formal survey should be conducted due to the size of the property and 

uncertainty as to the exact location and extent of Kellex operations. 

In addition to the Colicr~ele pad of the old laboratory, three 

buildings were still standing on the property at the time of the 

October, 1876, Visit but were later demolished. One of these was most 

likely the remains of the original Buildings 6, 7, and 8 (Fig. 6) 

which were contiguous. This structure was vacant and will be referred 

to as Building X in Fig. 7. Another building was probably the remains 

of the structure immediately east of Building 1 in Fig. 6. This 

building was used at the time of the 1977 survey as a machine shop and 

will be so identified in this report. The third and final remaining 

structure during the 1877 survey was a small building fronting 

Route 440 which was used as the Plymouth-Chrysler garage (Fig. 7). 

This building Wi 11 be referred to as the “garage” in this report. 

SURVCY PLAN 

A series of surveys were lrndcrtaken to characterize the existing 

radiological status of the Kellcx site. They were conducted by mem- 

bers of the Health and Safety Research Division of ORNL. The first 

formal survey, performed on March 28-30, 1977, included the following 

measurements: 

1. measurement of external gamma radiation levels at 1 m 

above the surface at grid points of an approximate 30-m 

grid over the entire property as shown in Fig. 7; 

2. measurement of beta-gamma dose rates at 1 cm above the 

surface using the same grid; 

3. measurement of the concentrations of 226Ra, 232Th, and 

238U in surface soil samples located as shown in Fig. 8; 

4. measurement of the concentrations of *lOPb, 226Ra, 

230Th, and 238U in surface (including drainage) water 

samples located as shown in Fig. g; 

--w-.1_ 
-. _ .  . ,  
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measurement of fixed alpha contamination levels, beta- 

gamma dose rates at 1 cm, and gamma radiation levels at 

1 m above the surfaces on an approximate 3-m grid on 

the concrete pad at Building 11 as shown in Fig. 10; 

measurement of transferable alpha and beta contamina- 

tion on the concrete pad of former Building 11; 

measurement of the concentrations of 226Ra, 232Th, and 

238U in scale samples taken from floor drains in the 

concrete pad of Building 11; 

measurement of external gamma radiation levels at 1 m, 

beta-gamma dose rates at 1 cm above the surfaces, and 

alpha contamination by direct reading in the three 

buildings remaining on the site: the garage, the 

machine shop, and the large empty building designated 

as Building X in Fig. 7; and 

background measurement of external gamma radiation 

levels and concentrations of 226Ra, 232Th, and 238U in 

surface soil and 210Pb, 226Ra, 230Th, and 238U in sur- 

face water samples at points near, but assumed not 

influenced by, the former Kellex Corporation operations. 

Several additional surveys were performed at the Kellex site 

during 1979 (March 27, May 10-11, June 2, July 21, August l-4, and 

August 30-31). 

The additional surveys in 1979 included the following: 

1. measurement of external gamma exposure rates at the 

ground surface in walk-over traverses less than 3 m 

apart over the property shown in Fig. 11; 

2. measurement of concentrations of 238U, 22sRa, and 232Th 

in soil at variable depths in Areas l-9 identified in 

Fig. 9 ; 

3. measurement of concentrations of 226Ra, 238U, 232Th, 

230Th , and 210Pb in three groundwater samples at loca- 

tions shown in Fig. 9; and 

! I( 
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Fig. 11. Property on the Kellex site included in the 1979 surveys with identification of the 
nine areas where elevated external gamma exposure rates were elevated. 
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4. drilling and gamma logging of 27 holes on the Kellex 

site as a means to estimate the 22sRa concentration in 

soil as a function of depth at locations identified in 

Fig. 12. 

RADIOLOGICAL SURVEY TECHNIQUES 

This section describes the instrumentation and techniques used to 

carry out the radiological surveys of the Kellex site. 

External Gamma Radiation 

During March, 1977, external gamma radiation level measurements 

were made at 1 m above the surface using NaI(T1) scintillation survey 

meters which are described in Appendix III. Also, external gamma 

radiation levels were measured inside the machine shop, the garage, 

and Building X using the same type of instrument. 

During the 1979 surveys, external gamma exposure rates were 

measured at the ground surface in that area indicated in Fig. 11. The 

gamma-ray sca.n was made in 3-m-interval traverses. 

Scintillation survey meter measurements are indicative of the .- 
instantaneous exposure rates at the point of measurement. Because the 

response of these meters is highly energy dependent, the meter reading 

was normalized in the field to the exposure rate given by a Geiger- 

Mueller (G-M) counter2 equipped with a filter of tin and lead to pro- 

vide an instrument response nearly independent of photon energy. 

Beta-Gamma Dose Rates 

In March, 1977, beta-gamma dose rates of 1 cm above the surface 

were measured at most of the grid locations where external gamma 

radiation levels were measured. In the 1979 surveys, beta-gamma dose 

rates were measured only at those locations where low-level radio- 

active contamination existed. All measurements were made with G-M 

survey meters, which are described in Appendix III. These meters were 
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field calibrated by comparison with a Victoreen Mode 

chamber to obtain beta-gamma dose rates. 

1 440 ionization 

Alpha and Beta Contamination 

Alpha contamination levels were measured during the March, 1977, 

survey on the concrete pad of Building 11 and in the three buildings 

left standing: the garage, machine shop, and Building X. Direct 

readings of alpha contamination levels were made with ZnS(Ag) scintil- 

lation survey meters, which are described in Appendix III. Standard 

smears* were takenon an approximate 3-m grid on the concrete pad of 

Building 11 and counted using the smear counters described in Appen- 

dix III in order to assess the transferable alpha and beta contamina- 

tion levels. No alpha or beta contamination measurements were made in 

the 1979 surveys since only open land was surveyed. 

Soil Sampling and Analysis 

Surface soil samples were taken at locations throughout the prop- 

erty and in drains of former Building 11 as shown in Fig. 8 during the 

March, 1977,‘. survey. During the 1979 surveys, soil samples were 

primarily taken at those locations where elevated levels of external 

gamma exposure rates were observed. 

The samples were packaged in plastic bags and returned to ORNL 

where they were dried for 24 h at llO°C and then pulverized to a par- 

ticle size no greater than 500 urn in diameter. Next, aliquots from 

each sample were transferred to plastic bottles, weighed, and stored 

for approximately one month to allow the 22sRa daughter products to 

attain secular equilibrium. The samples were counted using a Ge(Li) 

detector, and the spectra obtained were analyzed by computer tech- 

niques. A description of the Ge(Li) detector and soil counting tech- 

niques is given in Appendix IV. The concentrations of 226Ra and 232Th 

*A standard smear consists of wiping 100 cm2 of a surface with 
filter paper or soft absorbent paper and counting this medium with 
appropriate alpha and beta detectors. 

i 
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were determined for these samples. A neutron absorption technique was 

used to determine the concentration of 235U in these samples. 

Subsurface Soil Sampling 

During the 1979' surveys, 27 holes were drilled in soil from the 

ground surface to depths between 1.5 and 3 m (5 and 10 ft) with a 

motorized rig using a 20-cm-diam auger. A plastic pipe (lo-cm inside 

diameter) was placed in each hole, and a NaI(T1) scintillation probe 

was lowered inside the pipe. The probe was encased in a lead shield 

with a horizontal row of narrow collimating slits on the side. This 

arrangement allowed measurements of gamma radiation intensities result- 

ing from gamma-ray activity within small sections of the hole depth. 

Measurements were usually made at 31-cm (I-ft) intervals. This "log- 

ging" of the auger holes was performed in order to define the profile 

of radioactivity underground and to estimate the 22sRa concentration 

as a function of depth. 

The NaI(T1) probe readings are displayed as counts per minute (cpm). 

It was empirically determined that a conversion factor of 2.0 x 10m3 

pCi/g*cpm will yield an approximate estimate (+50%) of 22sRa concentra- 

tion in soil at the depth the reading was made. 

Six soil samples at two drilling locations were obtained for 

analyses at ORNL. 

Water Sampling and Analysis 

Surface water samples were taken at the locations shown in Fig. 8 

during the March, 1977, survey. Three groundwater samples were col- 

lected during the 1979 surveys at locations shown in Fig. 9. The 

samples were collected in plastic bottles and returned to ORNL for 

processing. The concentrations of 210Pb, 226Ra, 230Th , 232Th, and 

238U were determined using radiochemical techniques. 

I( 
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Background Measurements 

External gamma radiation levels were measured at locations near, 

but not influenced by, former Kellex operations and at 14 locations 

throughout the northern section of New Jersey (Fig. 13, NJ9 through 

NJ23). At those locations where undisturbed soil was found, surface 

soil samples were taken and analyzed for 226Ra, 232Th, and 238U using 

the techniques described above. Also, a water sample (W3) was taken 

from Newark Bay and was analyzed for 210Pb, 226Ra, 230Th, and 238U 

using standard radiochemical techniques at the ORNL Analytical Chemis- 

try laboratory. 1 

SURVEY RESULTS 

Background Measurements 

Background levels of external gamma exposure rates and radio- 

nuclide concentration in soil were measured at several locations in 

northern New Jersey (Fig. 13, location NJ9 through NJ23). The average 

external gamma exposure rate at 1 m above the surface was 6.1 uR/h and 

the range of measurements was 4 to 12 uR/h. Soil samples were taken 

at the same locations and the radionuclide concentrations averaged 

1.0 pCi/g of 226Ra, 1.0 pCi/g of 232Th, and 1.2 pCi/g of 238U. 

Site Survey" 

External gamma radiation 

The exposure rate from external gamma radiation measurements 

during the March, 1977, survey at 1 m above the surface of the site 

averaged 6.6 uR/h, with a range of 4 to 11 uR/h. These values are the 

result of 133 individual measurements taken on the site on the grid 

points as shown in Fig. 8. The individual measurements are given in 

Table 1. The measurements were not significantly different from nor- 

mal background for this region of the United States. 

*All values presented in this report include background radiation 
levels and concentrations. 



Fig. 13. Locati 
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Table 1. External gamma radiation levels at 1 m above the surface 
of the Kellex site during March, 1977, survey 

Grid Exposure Grid Exposure Grid Exposure 
locationa rate (pRlhr) locationa rate (uR/h) locationQ rate (pR/h) 

A10 7 
All 7 
A12 7 
Al3 8 

83 6 
84 0 
85 9 
B6 8 
87 5 
88 5 j 
B9 10 . 
810 10 
Bll 8 
812 9 
813 8 

c3 
c4 
c5 
C6 
c7 
C8 
c 9 

9 
6 
6 
8 
5 
6 
7 
7 
6 
8 
8 

Cl0 
Cl1 
Cl2 
Cl3 

Dl , 7 
02 10 
03 11 
D4 11 
D5 9 
D6 9 
D7 9 
D8 6 
D9 8 
DlO 7 
Dll 7 
D12 9 
013 8 

E 1 
E2 
E3 
E4 
E5 
E6 

7 
8 
7 

E9 
El0 
El1 
El2 
El3 

7 
8 

Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FlO 
Fll 
F12 
F13 

8 
7 
8 

Gl 7 
G2 4 
G3 5 
G4 4 
G5 4 
G6 4 
G7 4 
G8 4 
G9 5 
GlO 7 
Gil 5 
G12 6 
G13 8 

Hl 7 
Ii2 6 
H3 6 
H4 6 
H5 6 
H6 6 
H7 4 
H8 6 
H9 6 
HlO 6 
Hll 6 
H12 6 
H13 8 

7 
8 
8 
8 
7 
5 
4 
4 
9 
7 

I1 
I2 
13 
I4 
I5 
I6 
I7 
I8 
I9 
I10 
Ill 
112 
113 

Jl 
52 
53 
54 
55 
56 
57 
J8 
J9 
JlO 
Jll 
512 

Kl 7 
K2 8 
K3 7 
K4 7 
K5 7 
K6 0 
K7 6 
K8 7 
K9 7 

L3 7 
L4 7 
L5 7 
L6 7 
L7 8 

M5 7 
M6 7 

7 
8 
8 
4 
4 
4 
4 
4 
4 
5 
5 
6 
8 

7 
6 
5 
6 
6 
5 
6 
4 
6 
4 
6 
6 

oSee Fig. 7 for grid location on site property 
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External gamma exposure rate measurements were made at the ground 

surface in the 1979 surveys so that areas having exposure rates sig- 

nificantly above background were more easily identified. The property 

that was gamma-ray scanned during the 1979 surveys is shown in Fig. 11. 

Exposure rates at the ground surface ranged from approximately 

6.7 uR/h to 16 uR/h and averaged approximately 11 pR/h. Large areas 

on the site were covered by a cinder-type fill material. Exposure 

rates over these areas averaged higher than on other site locations 

(approximately 15 pR/h) and values as high as 19 pR/h were observed. 

During the March, 1977, survey, external gamma-ray measurements 

revealed only two 'areas (Area 1 and Area 2, see Fig. 11) of signifi- 

cant contamination on the concrete pad where Building 11 existed (see 

section on Survey of Building 11 Concrete Pad). During the 1979 sur- 

vfw , seven additional areas were found (Areas 3-9) having signifi- 

cantly higher-than-background external gamma exposure rates. The 

location, size, and maximum external gamma exposure rate at ground 

surface for all nine areas found during 1977 and 1979 surveys are 

listed in Table 2. 

The following description relates the nine areas of interest with -.. 
buildings that were present during MED/AEC operations on the former 

Kellex site (refer to Figs. 6 and 9 for locations). Area 1 is situ- 

ated on or near the former Building 24. Areas 2, 3, and 4 are situ- 

ated on or adjacent to the location of former Building 11. Area 5 is 

situated on or near former Building 10, and Area- 6 is located to the 

north of former Building C including the north half of that building. 

Area 7 is located where the south part of Building C was located. 

Area 8 is located between the former Buildings A and D, and Area 9 is 

located southeast of former Building A where no buildings were located. 

Only Buildings 11 and A reportedly contained the experimental gaseous 

diffusion operations.* 

*The use of Buildings B, C, and D is unknown but they may have 
been used in supporting functions for gaseous diffusion research. 
Thus, Areas 1, 5, and 9 could have become contaminated by post-MED use 
of the facilities, or by demolition and relocation of material from 
other contaminated structures or soils. 

_ .- ._ - -- 
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Table 2. Location, size, and maximum gamma exposure rate 
measurement (at ground surface) in areas of 

low-level contamination 

Areaa Size (m) 

Maximum external 
gamma exposure rate 
observed on ground 

surface (uR/h) 

1 
2 

11 x 13 
12 x 16 

9 x 13 
7.3 x 11 
1.0 x 1.0 

30 x 91 
6.1 x 6.1 
3.7 x 9.1 
1.8 x 7.6 

53 
210 
160 
110 

40 
130 

27 
27 
53 

aLocation of areas at Kellex site shown on Fig. 9. 



25 

Beta-gamma dose rates 

I 

During the March, 1977, survey, the beta-gamma dose rates at 1 cm 

above the. surface averaged 0.02 mrad/h over the site with a range of 

0.01 to 0.09 mrad/h. These values are the result of 113 individual 

measurements taken on most of the grid points shown in Fig. 7. The 

individual measurements are given in Table 3. The values obtained 

were not significantly different from expected background beta-gamma 

dose rates for this region of the United States. During the 1979 sur- 

wfs , beta-gamma measurements were made to assist in defining the 

location and extent of those areas containing low-level contamination. 

Radionuclide concentrations in surface soil 

Soil samples were obtained from the site at the locations shown 

in Fig. 8 during the March, 1977, survey. The results of the radio- 

nuclide analyses of these samples are given in Table 4. A total of 

31 samples were obtained from the general site; samples 32 through 36 

were from the concrete pad area of former Building 11. Samples 32 and 

36 were from old building drains, while samples 33 through 35 were 

scrapings from areas giving elevated radiation readings on the survey 

meters. The results of samples taken on the concrete pad will be 

discussed in the section dealing with the survey of this structure. 

A discussion of the results of the other samples follows. 

In the 31 samples which were representative of the general site, 

the 22sRa concentration averaged 1.2 pCi/g with a range of 0.29 to 

2.4 pCi/g. The concentration of 232Th averaged value 1.2 pCi/g with 

a range of 0.50 to 2.3 pCi/g, and the 238U concentration averaged 

1.2 pCi/g with a range of 0.34 to 3.3 pCi/g. 

During the 1979 surveys, soil samples (and one concrete sample - 

K45) were obtained exclusively from Area 1 through Area 9 where ele- 

vated external gamma-ray measurements were observed. The single 

exception being sample K94 (Fig. 9>, which was a cinder sample. This 

sample was obtained because elevated external gamma-ray measurements 

were observed above those locations covered by the cinder material. 
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Table 3. Beta-gamma dose rates at 1 cm above the surface of the Kellex site 

. Grid Dose rate Grid Dose rate Grid Dose rate 
. locationa (mrad/h) locationa (mrad/h) locationa (mrad/h) 

A12 0.02 E6 0.01 I 1 0.02 
E7 0.02 I 2 0.02 

I33 0.01 E8 0.01 I 3 0.02 
84 0.03 E9 0.01 I 4 0. D,l 
85 0.02 El0 0.01 I 5, 0.01 
86 0.04 El1 0.02 I 6 0.02 
87 0.09 El2 0.03 I7 0.02 
B8 0.02 18 0.02 
B9 0.03 I 0.02 I 9 0.01 
BlO 0.04 ;: 0.03 110 0.03 
Bll 0.03 F3 0.03 Ill 0.02 
812 0.04 F"5 0.03 112 0.02 

0.03 
c3 0.02 F6 0.02 Jl 0.02 
c4 0.02 F7 0.02 52 0.02 
c5 0.02 F8 0.02 J 3 0.02 
C6 0.02 F 9 0.02 54 0.02 
c7 0.01 FlO 0.03 55 0.03 
C8 0.01 Fll 0.02 56 0.02 
c9 0.02 F12 0.03 57 0.02 
Cl0 0.02 58 0.02 
Cl1 0.02 Gl 0.02 J9 0.03 
Cl2 0.03 G2 0.02 JlO 0.01 

G3 0.01 Jll 0.02 
II 1 0.02 G4 0.02 
02 0.02 G5 0.02 Kl 0.02 
D3 0.02 G6 0.02 K2 0.03 
D4 0.02 G7 0.01 K3 0.05 
05 0.03 G8 0.02 K4 0.03 
D6 0.02 G9 0.02 K5 0.02 
07 0.03 G10 0.02 K6 0.01 
D8 0.02 Gil 0.01 K7 0.02 
D9 0.04 G12 0.02 K8 0.02 
010 0.03 K9 0.02 
Dll 0.04 Hl 0.02 
D12 0.03 H2 0.02 L3 0.02 

H3 0.02 L4 0.03 
H4 0.02 L5 0.02 
H5 0.02 L6 0.02 
H6 0.02 L7 0.02 
H7 0.02 
H8 0.02 
H9 0.02 
H10 0.02 
Hll 0.02 
H12 0.02 

'See Fig. 7 for grid location on the site property. 

I- _~ -.._. 
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Table 4. Radionuclide concentrations in soil and drain pipe scale 
samples from the March, 1977, survey 

Sample Depth (cm) Radionuclide concentrations (pCi/g) 
2381) 22sRa 232Tha 

. 

Kl 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 

KlO 
Kll 
K12 
K13 
K14 
K15 
K16 
L17 
K18 
K19 
K20 
K21 
K22 
K23 
K24 
K25 
K26 

' K27 
K28 
K29 
K30 
K31 
K32 
K33 
K34 
K35 
K36 

o-7.5 
o-2.5 

;:; 

o-7.5 
o-7.5 ~ 
o-7.5 i 
o-7.5 
o-7.5 
o-5 
o-5 
o-7.5 
o-7.5 
o-7.5 
o-7.5 
o-5 
o-5 
o-7.5 
o-5 
o-7,5 
o-5 
o-7.5 
o-5 
o-7.5 
o-7.5 
o-5 
o-5 
o-7.5 
o-7.5 
o-7.5 
o-7.5 

Drain pipe 
o-5 
o-5 
o-5 

Drain pipe 

1.8 1.7 It 0.04 
0.64 0.69 + 0.01 
0.57 0.75 2 0.06 
0.70 0.72 + 0.02 
0.34 0.29 f 0.03 
1.8 2.0 2 0.03 
0.73 0.74 + 0.01 
0.54 0.50 f 0.02 
1.3 1.2 f 0.03 
0.85 0.79 It 0.02 
0.80 0.87 + 0.05 
0.99 0.92 ?z 0.03 
0.47 0.50 +- 0.04 
1.1 1.2 +- 0.03 
0.70 0.65 f 0.02 
0.45 0.23 jI 0.02 
0.71 0.57 rt 0.02 
1.1 1.2 + 0.02 
0.86 1.1 +- 0.08 
1.9 2.4 2 0.09 
1.1 0.75 f 0.02 
1.6 1.9 f 0.08 
1.7 1.5 + 0.05 
1.6 1.8 +- 0.06 
1.2 1.2 + 0.04 
1.2 1.3 + 0.05 
1.2 1.4 zk 0.03 
1.6 1.9 + 0.08 
1.3 1.3 Ik 0.04 
3.3 1.6 + 0.02 
2.2 2.4 + 0.04 
0.64 1.1 + 0.12 

11 110 iI 1.2 
29 150 +- 5.1 
14 54 zk 0.81 

0.58 0.83 + 0.04 

1.5 f 0.35 
0.74 f 0.01 
0.69 k 0.02 
0.91 * 0.03 
0.50 f 0.01 

2.0 f 0.04 
0.98 f 0.02 
0.64 I!Z 0.03 

1.3 +- 0.04 
1.0 + 0.02 
0.8 f 0.06 
1.0 f 0.03 

0.50 + 0.01 
1.3 +- 0.03 

0.85 2 0.03 
0.55 _+ 0.02 
0.75 + 0.10 

1.3 f 0.05 
0.91 It 0.01 

1.0 il 0.04 
0.83 + 0.01 

1.7 I!I 0.05 
1.5 2 0.05 
1.9 +_ 0.04 
1.3 zk 0.04 
1.2 + 0.04 
1.3 + 0.05 
1.4 f 0.35 
1.5 + 0.04 
1.7 f 0.04 
2.3 + 0.03 

0.82 f 0.08 
110 2 1.5 

270 t 1 8 
1.3 + 0:08 

"Indicated statistical counting errors associated with these 
concentrations are two standard deviations (95% confidence interval). 

b 
Radionuclide concentration was below minimum detectable concen- 

tration. 
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Results of the soil sample radionuclide analyses for the 1979 sur- 

veys are listed in Table 5. Maximum radionuclide concentrations 

observed on the Kellex site for 238U, 226Ra, and 232Th were 2,100 pCi/g 

(K80 - Area 6), 340 pCi/g (K39 - Area 2), and 4,300 pCi/g (K41A - 

Area l), respectively. 

Radium-226 concentrations in subsurface soil 

In the 1979 surveys, 27 holes were drilled at various locations 

on the Kellex site so that estimates of subsurface concentrations of 

22sRa in soil could be made. The 22sRa concentration estimates for 

each of the 27 holes are listed in Table 6. The location of the holes 

is shown in Fig. 12. The estimates ranged from 0.45 pCi/g (KC27 at 

0 cm depth) to 7.7 pCi/g (KC23 at 46 cm depth) of 22sRa in soil, and 

averaged 1.5 pCi/g. 

In two holes (KC19 and KC23) core soil samples were collected and 

analyzed for radionuclide content. The results of these analyses are 

listed in Table 7, for grid locations again identified in Fig. 12. 

Most radionuclide concentrations were elevated above background activ- 

ity, but not significantly so, with the exception of sample KC19D with 

a 238U concentration of 8.5 pCi/g of soil. 

Three trenches were dug by heavy equipment in and around Area 6. 

Soil samples were collected at variable depths and analyzed for radio- 

nuclide content. Results of analyses are listed in Table 8 and loca- . 
tions of sampling sites are indicated in Fig. 9. Higher-than- 

background concentrations of 238U or 22sRa were observed in all three 

trenches at varying depths. 

Radionuclide concentrations in water 

Water samples were obtained during the March, 1977, survey from 

three locations on the site as shown in Fig. 8. In addition, one 

sample (W3) was taken from Newark Bay in the vicinity of the former 

Kellex site. The results of the radionuclide analyses are presented 

in Table 9. For the sake of comparison, the Radiation Concentration 

4 
4 
4 
4 

i! 
4 
4 
4 4 



Table 5. Radionuclide concentrations in soil samples taken during the 1979 surveys 

Sample Locationa Sample Depth Radionuclide concentrations (pCi/g)b 

type (cm> 238~ 226Ra 232Th 

K37 
K38 

K39 
K40 
K41 
K41A 
K42 
K43 
K44 
K45 
K46 
K47 
K48 
K49 
K50 
K51 
K52 
K53 
K74 
K75 
K76 
K77 
K78 
K79 
K80 
K85 
K89 
K90 
K91 
K92 
K93 
K94 

Grid 07 (Area 3) 
Grid A19 (Area 2) 

Grid Al7 (Area 2) 
Area 1 
Area 1 
Area 1 
Area 1 
Area 1 
Area 1 
Area 2 

4+DO, 1ODR (Area 4) 
Area 4 
Area 4 
Area 4 
Area 4 
Area 4 
Area 4 
Area 4 

8+25, 430R (Area 6) 
8+25, 320R (Area 6) 
7+50, 400R (Area 6) 
8+30, 330R (Area 6) 
8+30, 330R (Area 6) 
8+30, 345R (Area 6) 
8+40, 398R (Area 6) 
5+80, 145R (Area 5) 
8+50, 350R (Area 6) 
8+53, 48R (Area 8) 
8+75, 230R (Area 7) 
8+85, 235R (Area 7) 

Area 9 
8+40, 230L 

Soil 
Soil 

Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 

Concrete 
Soil 
Soil 
Soil 
Soil 
Soi 1 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 

Cinders 

O-8c 5.7 270 f 2.5 
Beneath 20 cm 0.71 0.68 + 0.054 

of concrete 
O-8 

10 
15 
15 
20 

O-8 
O-8 
-- 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 
O-8 

;:; 
D-15 
O-8 
O-8 

13-38 
O-8 

20 
o-15 
D-15 

11 
41 
56 
72 

9.1 
2.2 
0.91 

E 
2:4 

;:: 
2.0 
2.2 
1.7 
1.7 
1.1 

930 
5.6 

79 
66 

810 
2100 

4.5 
1300 

870 
110 

2.4 
1.2 
2.1 

340 f 2.4 
d ,I ;. 

d” 
0.77 f 0.050 

1.7 + 0.080 
d 

0.98 f 0.018 
2.6 + 0.15 

13 f 0.20 
4.0 f 0.20 
3.4 + 0.030 
4.1 f 0.12 
9.2 + 0.27 
2.6 It 0.67 
1.4 f 0.24 

d 
1.5 ?r 0.26 

d 
1.7 + 0.040 
1.2 f 0.040 
2.0 f 2.8 

dd 
2.0 f 0.18 

d 
2.3 zt 5.3 
2.8 f 0.027 
100 It 0.65 
2.4 f 0.94 

7.4 It 1.3 
0.61 f 0.030 

98 f 1.3 
2500 + 38 
3000 f 35 
4300 f 47 

16 f 0.14 
21 f 0.22 
15 + 0.28 

1.8 + 0.034 
1.3 f 0.040 
1.6 f 0.080 
1.5 f 0.080 
2.4 5 0.050 
4.1 f 0.12 ' . 
1.4 + 0.18' 
2.0 f 0.60 
1.0 f 0.12 

58 f 0.73 
1.5 -+ 0.16 

94 f 1.2 
2.0 + 0.010 
1.2 + 0.040 
1.8 f 0.63 

d 
210 f 2.4 
2.1 f 0.18 

d 
2.2 k 7.8 
2.9 + 0.041 
1.8 2 0.25 
2.5 f 0.09 

'Sample and area location is shown in Fig. 9. 
b 

Indicated errors associated with these concentrations are two standard deviations (95% con- 
fidence interval). 

'A depth of O-8 cm was considered a surface sample. 
d Radionuclide concentration was below minimum detectable concentration. 



Table 6. Estimated 226Ra concentration in soil as a function of depth at drill hole locations at the Kellex site 

Grid Estimated 226Ra concentration in SOi1 (PCiig) 
Sample location' Depth (m) Remarks 

(ft) 0 0.30 0.61 0.91 1.2 .l. 5 1.8 2.1 2.4 2.7 3.0 

KC 1 4+00, lOORb 
KC 2 5+50, lOOR 
KC 3 7+00, ZOOR 
KC 4 5+00, ZOOR 
KC 5 3+00, 200R 
KC 6 l+OO, ZOOR 
KC 7 4+00, 300R 
KC 8 6+00, 300R 
KC 9 7+00, 400R 
KC10 5+00, 400R 
KC11 6+00, 500R 
KC12 3+00, 1OOR 
KC13 3+00, 50R 
KC14 3+15, 15L 
KC15 3+30, 30L 
KC16 3+36, 30L 
KC17 3+65, 70L 
KC18 5+50, EL 
KC19 4+50, 8L 
KC19A 4+50, 8L 
KC20 2+00, lOOR 
KC21 2+10, BL 
KC22 2+30. 4OL 
KC23 2+30, 32L 
KC23 2+30, 32L 
KC24 l+OO, 1OOR 
KC25 0+ 8, 65R 
KC26 0+ 5, 55R 
KC27 O+ 5, 50R 

0.95 
1.3 
1.6 
1.0 
1.2 
1.7 
1.2 
1.1 
1.3 
0.92 
1.4 
0.95 
0.55 
1.4 
1.0 
1.2 
0.75 
1.1 
0.95 
0.93 
1.0 
1.1 
1.4 

2.1 1.9 1.8 
1.6 1.8 2.2 
2.1 2.5 1.8 
1.1 1.0 1.4 
1.6 1.7 1.7 
1.9 1.7 1.2 
1.6 1.5 1.3 
1.6 1.5 1.1 
2.2 2.1 1.5 
1.1 1.1 0.95 
2.0 1.2 1.3 
1.1 1.4 2.0 
1.1 1.4 1.2 
2.6 2.4 2.0 
1.6 1.7 1.6 
1.7 2.0 1.7 
1.1 1.1 1.3 
1.9 1.7 1.6 
1.4 2.2 2.2 
1.6 2.4 2.1 
1.7 1.3 1.7 
1.5 1.6 - 2.1 

0.76 
1.8 
1.1 
1.3 
1.1 
1.2 
1.0 
1.1 
1.7 
1.0 
1.1 
1.7 
1.2 
1.7 
1. 5 
1.7 
1.1 
1.8 
1.9 
1.8 
1.7 
2.2 
1.9 

0.83 
1.7 
1.4 
1.5 
0.83 
1.2 
0.95 
0.93 
1.7 
1.1 
1.2 
1.6 
1.4 
1.4 
1.6 
1.5 
1.0 
1.2 
1.6 
1.8 
1.6 
1.9 
1.8 
2.3 

0.92 0.85 0.79 0.80 

1.6 
0.93 
1.3 
0.49 
1.4 
1.7 
0.93 
1.0 
1.3 
1.4 
1.3 
1.4 
1.5 
0.99 
1.7 
1.6 
1.8 
1.8 
1.6 
1.9 
2.3 

1.2 

1.6 
1.1 

1.8 
0.94 

1.1 0.89 0.87 

1.6 
1.3 
1.1 
1.5 
1.9 
1.3 

1.5 
1.9 
1.6 

1.8 1.4 1.9 
1.6 5.2 3.3 2.8 Z.b 
@  0.5 ft: 2.6 pCi/g; @  1.5 ft: 7.7 pCi/g; @  2.5 ft: 2.8 pCi/g 
0.90 1.2 1.2 1.1 1.3 1.2 1.2 1.4 
0.69 0.94 1.0 0.96 0.87 1.3 1.4 1.1 0.92 
0.91 1.5 1.1 0.90 0.89 1.1 1.4 1.4 1.5 
0.45 0.91 1.0 1.1 0.88 0.96 1.6 1.5 1.2 

1.1 

1.7 

1.4 

0.86 
1.7 
2.0 
1.1 

1.6 
1.6 
1.6 

p 
1.1 

1.7 

Below concrete of Bldg. 11 pad 

Core hole 1.5 m  right of KC19 

1.4 1.2 
1.4 

1.0 1.3 Below concrete of Bldg. 24 pad 
1.3 1.0 
1.1 1.2 

'Location is identified in Fig. 12. 
b - R - right of base line; L = left of base line; BL = on base line 



Table 7. Radionuclide content of core samples from the Kellex site 

Sample Locationa Depth 
(cm> 

Radionuclide concentrations (pCi/g? 
5, i. 

238~ 22sRa 232Th 

KC19A 4+50, BL o-3 0.69 0.61 + 0.010 0.82 _+ 0.030 

KC19B 4+50, BL 3-5 0.84 1.1 + 1.5 1.2 + 4.9 

KC19C 4+50, BL 5-8 1.9 2.1 + 0.030 2.1 f 0.040 

KC19D 4+50, BL 8-10 8.5 3.6 + 0.060 2.0 + 0.040 

KC19E 4+50, BL 10-13 2.0 2.1 f 0.030 2.1 + 0,040 

KC19F 4+50, BL 13-18 1.7 1.8 + 0.030 1.7 + 0.040 

KC23A 2+30, 32L O-46 0.70 0.67 f 0.010 0.82 5 0.020 

'Grid location may be identified in Fig. 12. 

'Indicated errors associated with these concentrations are two standard deviations. 

Ill !aJ UI -I. fl cz 
--I N- .- 3 ID 2 z k s >, Fo2 e 2” ,n 2’;: - VI m A. ID -?G 

VI u-l -3735 22 
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Table 8. Radionuclide concentrations in soil taken from trenches on 
Kell.ex site during 1979 surveys 

Samplea Depth 
(cm) 

Radionuclide concentrations (pCi/gjb 

2381) 226Ra 232Th 

KTllA 

KTllB 

KTllC 

KT12A 

KT12B 

KT12C 

KT13A 

KT13B 

KT13C 

O-20 

90 

180 

O-30 

90 

180 

O-30 

30-46 

180 

5.4 

2.2 

0.31 

5.1 

1.9 

0.34 

1.6 

4.6 

0.55 

1.4 f. 0.020 1.4 f 0.020 

2.4 ?I 0.030 2.3 jI 0.040 

0.37 + 0.010 0.57 f 0.020 

1.8 + 0.020 1.6 f 0.040 

1.6 + 0.030 1.6 + 0.030 

0.43 f 0.010 0.54 + 0.020 

1.7 f 0.027 1.6 + 0.035 

9.1 f 0.090 4.0 f 0.060 

0.52 f 0.020 0.66 2 0.020 

aLocations are shown in Fig. 9. 

'Indicated errors associated with these concentrations are two 
standard deviations. 

- .  _.I_ . I  - ._  _ . . . I .  - -  



33 

.i 

Table 9. 'Radionuclide concentrations in water samples 
during March, 1977, survey 

Sample 
Radionuclide concentrations (pCi/L)a 

210Pb 226Ra 230Th 2381) 

Wl 1.1 + 0.58 0.032 + 0.036 0.086 f 0.036 1.2 f 0.09 

w2 CO.77 0.13 f 0.09 0.022 f 0.022 0.63 2 0.22 

w3 0.18 f 0.67 0.027 Z!I 0.045 0.045 2 0.045 0.90 + 0.045 

w4 CO.86 0.13 f 0.09 0.045 + 0.022 . . 0.21 2 0.01 

RCGw 100 3ob 

"Indicated errors associated with these concentrations are two 
standard deviations. 

bThe EPA drinking water standard for radium is 5 pCi/L, including 
both 22sRa and 22aRa. 

.- __ 
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Guide in water* (RCGw) for nonoccupational exposure3 is also given in 

Table 9. The concentrations of 210Pb, 226Ra, 230Th, and 238U are all 

at least an order of magnitude less than the corresponding RCGw. The 

radium concentrations are also at least an order magnitude lower than 

the Environmental Protection Agency's (EPA) drinking water standard 

for radium.4 

Three water samples were obtained during the 1979 surveys from 

locations shown in Fig. 9. Results of radionuclide analyses are 

listed in Table 10. All concentrations were one to several orders of 

magnitude less than the radiation concentration guides for these radio- 

nuclides in water. ' 

Building surveys 

A radiological survey was conducted in the machine shop (Fig. 7) 

during the March, 1977, survey. For 29 readings of external gamma 

radiation, the average exposure rate was 5 uR/h and the average beta- 

gamma dose rate was 0.03 mrad/h. These levels were nearly uniform 

throughout the building. All direct measurements of alpha contamina- 

tion indicated (100 dpm/lOO cm2. -.. 
The radiological survey of the garage (Fig. 7) yielded gamma-ray 

exposure rates of 5 to 6 uR/h at 1 m and an average beta-gamma dose 

rate of 0.03 mrad/h at 1 cm for 12 measurements of each. The direct 

alpha contamination levels were all (100 dpm/lOO cm2. 

Radiation measurements were made at 88 locations in Building X 

(Fig. 7). The average gamma exposure rate at 1 m was 6 pR/h and the 

average beta-gamma dose rate at 1 cm was 0.02 mrad/h. Both the expo- 

sure rates and dose rates were nearly uniform throughout the building. 

Again, all direct readings of alpha contamination indicated 

(100 dpm/lOO cm2. 

At the time of the 1979 surveys, the buildings indicated in 

Fig. 7 had been removed from the site. 

*This is also commonly referred to as maximum permissible concen- 
tration (MPCw) (c.f. NCRP Report No. 22, 1959). 



Table 10. Radionuclide concentrations in water samples collected during the 1979 surveys 
,I i. 

Samplea 210Pb 

Radionuclide concentrations (pCi/L)b 

22sRa 230Th 238~ 232Th 

KTWll (9.0 0.45 St 0.45 0.90 f 0.90 9.3 f 1.9 0.90 + 0.90 

KTW12 (9.0 0.45 + 0.45 0.45 2 0.45 3.3 f 1.7 0.45 2 0.45 

KTW13 c9.0 0.45 + 0.45 1.4 2 1.4 1.0 + 1.0 1.4 -+ 1.4 

RCGw 100 3oc 2,000 40,000 2,000 

'Locations of samples shown in Fig. 9. 

bIndicated errors associated with these concentrations are two standard deviations. 

'The EPA drinking water standard for radium is 5 pCi/L, including both 226a and 228Ra. 
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Survey of Building 11 concrete pad 

A thorough radiological survey was conducted in the area formerly 

occupied by Building 11, the old Kellex Laboratory, during the March, 

1977, survey. All that remained of this structure was a concrete pad, 

located as shown in Fig. 7. During the 1979 surveys, much of this 

concrete pad had been removed as a result of site development. 

The results of the alpha and beta-gamma contamination surveys are 

given in Table 11. The survey locations for these measurements are 

shown by the grid blocks in Fig. 10. The direct readings of alpha 

contamination, when averaged over 1 m2, were all less than 30 dpm/ 

100 cm2. One spot of 100 cm2 in grid block A19 (Fig. 10) gave an 

alpha reading of 3,000 dpm/lOO cm2. The beta-gamma dose rates when 

averaged over 1 m2 were generally less than 0.03 mrad/h. Three excep- 

tions were grid blocks B19, E5, and F6 which had beta-gamma dose rates 

of 0.14, 0.05, and 0.05 mrad/h, respectively. Significantly higher 

activity was found in one area of 100 cm2 in grid block A19 where a 

beta-gamma dose rate of 0.6 mrad/h was measured. Also, one area in 

grid block B6 had a beta-gamma dose rate of 0.04 mrad/h. 

The results of measurements of transferable alpha and beta con- 

tamination are also given in Table 11. The transferable alpha contami- 

nation, when averaged over 1 m2, was always less than 20 dpm/lOO cm2, 

and the beta contamination was always less than 200 dpm/lOO cm2 when 

averaged in the same manner. One area of 100 cm2 in grid section A19 

had smear readings (smear located by an asterisk in Fig. 14) of 

330 dpm/lOO cm2 alpha and 310 dpm/lOO cm2 beta-gamma. 

The external gamma radiation level was measured at 1 m above the 

floor surface at each of the grid intersections in Fig. 10. For the 

total of 105 readings, the average exposure rate was 6.6 uR/h, with a 

range of 5 to 12 pR/h. The individual gamma-ray measurements are 

Presented in Table 12. 

Most of the grid sections identified in Fig. 14 had radiation and 

contamination levels near background. However, readings from a few 

grid sections were elevated. In grid section B6, maximum readings of 

23 pR/h gamma and 0.04 mrad/h beta-gamma at 1 cm above the surface were 

-..--.-- ---.-.__ 
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Table 11. Alpha and beta-gamma levels on the concrete pad of former 
Kellex Laboratory Building 11 

Grid 
location' 

Direct readingb Transferable contaminationC 

Alpha 
(dpm/lOO cm2) 

Beta-gamma Alpha 
(mrad/h) (dpm/lOO cm2) 

Beta-gamma 
(dpm/lOO cm2) 

Al 
A2 
A5 
A7 
A9 
All 
Al3 
A15 
Al7 

A19 ; 

82 
84 

86 

B8 
BlO 
812 
814 
816 
B18 
819 
B20 

Cl 
c3 
c5 
c7 
c9 
cii 
Cl3 
Cl5 

(30 
(30 
(30 
(30 
(30 
(30 
(30 
(30 
<30 
~30 

300Dd 

<30 
(30 
<30 

<30 
<30 
(30 
<30 
<30 
<30 
<30 
<30 

(30 
(30 
(30 
<30 
<30 
<30 
<30 
<30 

Cl7 
Cl9 

D12 
014 
D16 

E 5e 
El1 
El3 
El5 

F @ 
F12 
F14 
F16 

<30 
(30 

<30 
<30 
(30 

<30 
<30 
(30 
(30 

<30 
(30 
<30 
(30 

CO.03 
CO.03 
CO.03 
co.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.0 

0.6 a 

CO.03 
CO.03 
CO.03 

0.04d 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 

0.14 
CO.03 

CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
CO.03 
<0.03 
CO.03 

CO.03 
CO.03 
CO.03 

0.05 
CO.03 
CO.03 
co.03 

0.05 
CO.03 
CO.03 
CO.03 

9 
0 

‘d 326 

0 

4 
9 
0 
4 
0 
0 
0 
4 
4 
0 

0 
0 
0 

__ 

0 
0 
0 

-_ 

0 
0 
0 

3: 
34 
86 
86 
69 
69 
17 

0 

3:;a 

52 
172 

0 

103 
0 
0 
0 
0 
0 

-_ 

0 

0 
0 

103 
138 

0 
0 
0 

86 
52 

0 

34 
0 
0 

-- 

34 
0 
0 

-- 

0 
52 

aSee Fig. 10 for grid locations 
b Direct readings are averaged over 1 m 2 (unless otherwise indicated) in the 

respective grid block. Beta-gamma dose rates are measured at 1 cm above the 
surface. 

'Transferable contamination measurements are averaged over 1 m* (unless 
otherwise indicated) in the respective grid block. A zero measurement indicates 
a smear count less than or equal to background. 

d This represents a maximum reading averaged over not more than 100 cm* 

eThis location is not on the concrete pad proper but is on the ground near 
the pad. 
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Table 12. External gamma-ray exposure rate at 1 m above the concrete pad of former 
Kellex Laboratory Building 11 

Grid Exposure rate Grid Exposure rate Grid Exposure rate 
locationa (Wh) locationa (NVh) locationa M/h) 

Al 6 Cl 6 El1 6 
A2 

E 
c2 5 El2 5 

A3 c3 6 El3 5 
A4 6 c4 6 El4 5 
A5 6 c5 6 El5 5 
A6 5 ,' C6 
A7 6 c7 

: El6 5 
El7 5 

A8 6 C8 5 
A9 6 c9 6 Fll 5 
A10 5 Cl0 r-12 6 
All 5 Cl1 

: 
F13 6 

Al2 5 Cl2 5 F14 5 
Al3 5 Cl3 5 F15 5 
Al4 5 Cl4 F16 5 
Al5 5 Cl5 

i: 
F17 6 

A16 
Al7 

5 Cl6 5 
Cl7 6 Gil 5 

A18 7 Cl8 7 G12 5 
A19 9 Cl9 7 G13 5 
A20 5 c20 12 G14 6 
A21 5 c21 7 G15 5 

G16 5 
Bl 6 Dl 7 G17 6 
82 6 02 7 
83 6 D3 6 
84 5 D4 6 
85 6 05 6 
86 5 06 5 
87 5 D7 5 
B8 

z 
D8 6 

B9 D9 6 
BlO 5 DU' 6 
Bll 5 011 6 
812 5 D12 5 
813 5 013 5 
814 5 014 5 
B15 5 D15 5 
816 5 016 5 
817 8 017 5 
818 9 018 6 
B19 8 D19 6 
820 9 020 6 
821 7 D21 7 

QSee Fig. 10 for grid point locations. 

_^ -_. 
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measured. The readings in grid section 817 indicated a maximum gamma- 

ray exposure rate of 72 pR/h at the surface. In grid section B19, the 

beta-gamma dose rate averaged 0.14 mrad/h over a 1-m' area, and the 

maximum gamma-ray exposure rate was 110 pR/h at the surface. The 

highest radiation measurements on the concrete pad were found in grid 

section A19. The maximum readings here were 3,000 dpm/lOO cm2 alpha, 

0.6 mrad/h beta-gamma, and 136 uR/h gamma at the surface. Three 

samples of dirt (samples 33 to 35 in Table 4) were scraped from sec- 

tion A19. These samples had elevated concentrations of the measured 

radionuclides. The ,;fact that these measurements are at elevated 

levels indicates that some kind of uranium- and thorium-bearing mate- 

rials were probably stored or handled at this isolated spot of sec- 

tion A19 at some previous time. The drain pipe scale samples (K32 and 

K36) showed no elevated radionuclide concentrations. 

Radiation measurements taken in the area surrounding the concrete 

pad for former Building 11 were essentially background, with the excep- 

tion of one small area located in grid sections E5 and F6 (Fig. 14). 

In section E5, the beta-gamma dose rate averaged 0.05 mrad/h and gamma 

exposure rates averaged 18 uR/h at the surface over a l-m2 area. In 

section F6, maximum readings of 0.8 mrad/h beta-gamma and 80 uR/h 

gamma were measured at the surface. 

The two areas where elevated activity was observed during the 

March, 1977, survey were redesignated in the 1979 surveys. Grid sec- 

tion A19 was enlarged and'called Area 2, and grids E5 and F6 were con- 

solidated into Area 3. 

SUMMARY AND CONCLUSIONS 

A summary of the survey results is provided in Table 13. Exclud- 

ing the nine areas noted earlier in this report and identified in 

Fig. 9, the mean external gamma-ray exposure rates observed on the 

Kellex site (6.6 pR/h) were similar to those mean background exposure 

rates observed in northern New Jersey (6.1 uR/h). The exposure guide- 

line for an individual in the general public is 500 mrem/y,* which is 

considerably higher than any conceivable exposure that an individual 

might receive on the Kellex site. 
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Table 13. Summary of survey results at the former Kellex Research 
Facility in Jersey City, New Jersey 

Survey technique 
Number of Range of Arithmetic mean and Geometric mean and 

measurements or standard deviaion= 
samples taken 

values geometric standarda 
Y*S deviation x :s 

Grid point measurements 

Gamma exposu e rate at 
1 m (pR/h $ 

Beta-gamma dose rate at 
1 cm (mrad/h)O 

Soil sampling 

1977 survey (excluding Areas 4-9)d 

*s*U (pCi/g) 
s2sRa (pCi/g) 
e3*Th (pCi/g) 

1979 survey (Areas 1-9)e 

23811 (pCi/g) 31 
s*sRa (pCi/g) 23 
232Th (pCi/g) 31 

Water sampling 

(1977 and 1979 surveys)f 

ssaU (pCi/L) 
230Th (pCi/L) 
**sRa (pCi/L) 
s"Pb (pCi/L) 

Concrete pad at loca Ton of 
formerly Building 11 

Direct alpha (dpm/:uO cm 7. ) 

Beta-gamma dose rate at 
1 cm (mrad/h) 

Gamma exposure rate at 
1 m (pR/h) 

Transferable alpha contamination 
(dpm/lOO cm*) 

Transferable beta-gamma 
contamination (dpm/lOO ems) 

133 4-11 6.6 t 1.6 6.4:1.3 

113 0.01-0.09 0.02 t 0.01 0.02:1.5 

34 0.45-29 2.7 t 5.4 1.3:2.6 
34 0.29-150 10 f 32 1.5:4.1 
33 0.50-270 13 f 50 1.5:3.7 

0.71-2100 210 f 480 
0.68-340 33 f 89 
0.61-4300 330 f 1000 

0.21-1.3 2.4 t 3.2 1.2:3.4 
0.022-1.4 0.42 + 0.54 0.16:5.2 
0.027-0.45 0.24 + 0.20 0.14:3.4 

0.18-1.1 57 9 

12:lZ 
4.1:5.6 
a. 0: 12 

42 c30-3000 c? g 

44 ~0.03-0.6 g 9 

105 5- 12 6.6 i 8.7 5.8:l.C 

40 O-326 9.6 + 51 9 

40 O-310 42 t 63 d 

=Standard deviations are 1 o (? 68%). 
b 

See Table 1 for data. 

=See Table 3 for data. 

dSee Table 4 for data. 

eSee Tables 5 and 8 for data. 

fSee Tables 9 and 10 for data. 

SToo few values to adequately analyze. 
h See Tables 11 and 12 for data. 

.- 



42 

Results of soil and water samples show the radionuclide concentra- 

tions are at normal background levels on the site except for samples 

originating from the nine contaminated areas. The average soil concen- 

trations of radionuclides found on the site, excluding those nine 

areas, were 1.2 pCi/g of 226Ra, 1.2 pCi/g of 232Th, and 1.2 pCi/g of 

238U. These were not statistically different from the background 

levels found in the northern part of the state of New Jersey. From 

the nine areas, maximum radionuclide concentrations of 238U, 226Ra, 

and 232Th in surface soil were 2,100 pCi/g (Area 6), 340 pCi/g 

(Area Z), and 4,300 ..pCi/g (Area 1), respectively. Radionuclide con- 

centrations in on-site water samples were at least an order of magni- 

tude below accepted concentration guidelines for drinking water. 

The nine areas containing higher-than-background concentrations 

of radioactive material constitute a total area of approximately 

3,350 m2 (0.83 acre). These areas contain varying mixtures of radio- 

nuclides from the uranium and thorium decay chains in concentrations 

significantly above background exceeding federal guidelines (Appen- 

dix V). An evaluation of potential hazard relative to the contamina- 

tion present in these nine areas is presented in Appendix VI. 

.-- -. --- ._ 
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VITRO CORPORATION OF AMERICA 

Contamination Status Report 

Jersey City Laboratory 

June 25, 1953 

A final radiation and contamination survey of the Jersey City 

Laboratory was made with the purpose of determining the amount of 

residual contamination remaining after extensive decontamination 

procedures had been undertaken. Results indicate that the laboratory 

is free from excessive contamination. 

Two (2) reports issued by the New York Office of the Commission, 

namely, "Status of Building Contamination at Kellex Laboratories" and 

"Second Contamination and Radiation Survey at Kellex Laboratory" dated 

September 29, 1949, and December 19, 1949, respectively, were used as 

guides for establishing standards of radioactive contamination which 

would not be considered significant as potential health hazards. 

A set of specific maximum permissible limits were obtained from 

an AEC report (NYO-1536), "Decontamination and Survey of Uranium 

Refinery Plant" as follows: 

0.9 mrep/hr - worst contact, 

9.6 mrep/hr - worst operating position, 

0.3 mrep/hr - average at 3 ft from the floor. 

The MPCs for transferable contamination in accessible areas were 

chosen as 0 alpha d/m/sm* and 1,000 beta d/m/sm. 

Summary 

With but two exceptions (0.6 mrep/hr in chemical storage area and 

0.2 mrep/hr in Laboratory 3), the radiation level in the Jersey City 

Laboratory is below that reported in "Second Contamination and Radia- 

tion Survey at Kellex Laboratory" dated December 19, 1949. In neither 

instance is the maximum permissible limit of 0.9 mrep/hr at point of 

worst contact exceeded. 

*Authors believe original report to mean smear where "sm" is an 
abbreviation. 

----~ --.-- 
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No transferable alpha or beta-gamma contamination was observed in 

any of the accessible areas. 

The ductwork (not included in Commission survey reported December 

1949) leading from the laboratory exhaust hoods in Laboratories 3 

and 5 gave evidence of transferable alpha ranging from 300 to 500 d/m/ 

smear, whereas beta-gamma contamination was negligible. However, we 

understand from Commission personnel that the ductwork should not be 

considered an accessible area; therefore, the stringent requirement of 

"no transferable alpha" would not be applicable. 

The contamination in the ductwork is virtually 100% normal urani- 

um. It may be estimated that each contaminated duct contains approxi- 

mately 100 mg of normal uranium as compared with the established maxi- 

mum allowable amount of 30 mg of normal uranium within the body. 

Survey Methods and Instruments 

Each laboratory was surveyed by a random method. The rooms were 

divided into imaginary squares (ca. 3 ft x 3 ft), and a smear test was 

made in order to determine levels of transferable contamination. 

Smears were counted both in an alpha scintillation counter and a beta- 

gamma geiger counter (end window). 

The model 2610 IDL beta-gamma survey meter was used for the radi- 

ation survey. Since the only alpha active materials ever used in the 

laboratory were in normal uranium and pitchblende, the IDL meter, by 

showing no beta-gamma contamination also indicated no alpha contamina- 

tion. This instrument was chosen mainly because of its good sensitiv- 

ity and fast reaction which allowed us to scan large areas in order to 

spot any localized contamination. All recorded measurements are read- 

otherwise specified. ings made at the point of worst contact unless 

Survey Results 

Laboratories 1 and 2. These laborator 

March 6, 1953, previous to occupancy by the M. 

ies were surveyed on 

W. Kellogg Company per- 

sonnel. The maximum radiation levels observed within the ductwork 

showed a maximum beta-gamma count of 150 d/m, whereas alpha contamina- 

tion was found to be negligible. Since the tolerance level of beta- 

gamma smears is 1,000 D-u d/m/sm, the beta-gamma contamination 
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recorded may be considered insignificant. All other radiation read- 

ings taken in accessible areas, such as floors, desks, hood surfaces, 

and fixtures approached normal background of 0.02 mrep/hr. Smears 

yielded insignificant counts. 

Laboratory 3. A final survey in this laboratory indicated a 

maximum radiation level of 0.2 mrep/hr in hood section 6. All smear 

tests yielded negative results. Ductwork in Laboratory 3 showed maxi- 

mum transferable contamination levels of 500 CI d/m/sm; g-y contamina- 

tion within the ductwork was negligible. 

Laboratory 4. iThe maximum radiation level in this laboratory was 

found in hood section C (0.05 mrep/hr). This area was used as the 

analytical section where levels of activity handled were very low and 

where, since April, 1952, no radioactive material had been processed. 

Laboratory 5. Hood sections A and C indicated the highest radia- 

tion level of 0.1 mrep/hr. Transferable alpha contamination was 

observed in the ductwork from hood section A (300 d/m/sm). The aver- 

age radiation level measured off the floor approached 0.05 mrep/hr. 

All smears yielded negative results. . . 

Laboratory 6. The maximum radiation level observed here was 

measured at 0.08 mrep/hr in hood section B. All other areas were 

found to approach normal background and were found to be free from 

transferable contamination. No significant transferable contamination 

was observed in the duct system. 

Physics Laboratory. All radiation levels observed approached a 

normal background of 0.02 mrep/hr. All smear tests taken yielded 

negative results. 

Pilot Area. A final survey of this area indicated radiation 

levels not exceeding 0.1 mrep/hr. Transferable alpha and beta-gamma 

contamination is negligible. 

Chemical Storage Area. The maximum radiation level (0.6 mrep/hr) 

was observed off the wall immediately to the left of the entrance to 

the area. The average radiation level off the floor was ca. 0.01 

mrep/hr with a maximum of 0.2 mrep/hr. 

___ -  - - -  

.l.ll.-l- 
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Fenced-In Area. There was evidence 

tamination here which showed background 

, 

of some slight overall con- 

to approach a level of 0.05 

mrep/hr (ca. two times normal background). The maximum level observed 

on the concrete matting did not exceed 0.1 mrep/hr. 

Halls, Corridors, Counter Room, Closets, 'and General Office Area. 

All radiation levels observed approached a normal background of 

0.02 mrep/hr. All smear tests taken yielded negative results. 
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The following table has been developed for use with this report 

in the conversion of units of measurement from those utilized in the 

text to the newly adopted International System of Units (SI). Units 

used in the text which do not appear in this table are considered as 

standard under the new system. 

Table II-l. Standard units of measurement 

To convert from Into SI units Multiply by 

gallons (gal) 

inches (in) 

square inches (in2) 

feet (ft) 

square feet (ft2) 

acres (a) 

miles (mi) -_ 

millirad (mrad) 

microroentgen (pR) 

disintegrations per 
minute (dpm) 

picocurie (pCi) 

microcurie (pCi) 

liters (L) 3.785 

centimeters (cm) 2.540 

square centimeters (cm2) 6.452 

meters (m) 0.3048 

square meters (m2) 0.0929 

hectare (ha) 0.4047 

kilometer (km) 1.609 

microgray (uGy) 10.0 

coulomb per kilogram (C/kg) 2.58 x lo-lo 

becquerel (Bq) 0.02 

becquerel (Bq) 

becquerel (Bq) 

0.037 

3.7 x 104 

-.. -- 
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RADIATION SURVEY METERS 

Alpha Survey Meters 

Two types of alpha survey meters are used to measure alpha radio- 

activity on surfaces. One type of instrument uses a ZnS(Ag) scintil- 

lator and the other uses a gas-flow proportional counter to detect the 

alpha radiation. 

The alpha scintillation survey meter consists of a large area 

(100 cm2) ZnS(Ag) detector with a photomultiplier tube in the probe 

which is coupled to a:; portable scaler/ratemeter (Fig. III-A). The 

ZnS(Ag) detector is covered with a 0.03-mil aluminized mylar sheet in 

order to make the instrument light-tight. The mylar, in turn, is 

covered with a grid to prevent puncturing the detector when surveying 

over rough surfaces. This instrument is capable of measuring alpha 

surface contamin- ,tion levels of a few dpm/lOO cm2 but must be used in 

the scaler mode for this purpose. It is highly selective for densely 

ionizing radiation such as alpha particles, and the instrument is 

relatively insensitive to beta and gamma radiation. 

The gas-flowproportional counter uses propane gas as the detec- 

tion medium. Through front panel meter readings, it can be used to 

measure alpha contamination levels from a few hundred dpm/lOO cm2 to 

several hundred thousand dpm/lOO cm2. If individual pulses are 

counted, this instrument can also be used for measurements down to a 

few dpm/lGO cm2. The probe has a surface area of approximately 61 cm2 

and has a 0.03-mil aluminized mylar covering with a protective grid. 

Due to the protective grid, the active area of the probe is 50 cm2. 

It is relatively insensitive to other than alpha radiation. This 

instrument, shown in Fig. III-B, is manufactured by the Eberline 

Instrument Company as their model PAC-4G meter with a probe. 

Both of these instruments are calibrated at ORNL using 23gPu 

alpha sources. While each instrument is individually calibrated, the 

calibration factors are typically 5 to 6 dpm/cpm. 

3 
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ORNL-Photo 6705-76 
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Fig. III-A. Alpha scintillation survey meter. 
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ORNL-Photo 6715-76 

Fig. III-B. Gas-flow proportional alpha survey meter. 
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Beta Survey Meter 

A portable Geiger-Mueller (G-M) survey meter is the primary 

instrument for measuring beta-gamma radioactivity. The G-M tube is a 

halogen-quenched stainless steel tube having a 30 mg/cm2 wall thick- 

ness and presenting a cross-sectional area of approximately 10 cm2. 

Since the G-M tube is sensitive to both beta and gamma radiation, 

measurements are taken in both an open-window and a closed-window con- 

figuration. Beta radiation cannot penetrate the closed window, and, 

thus, the beta reading can be determined by taking the difference 

between the open- and closed-window readings. This meter is shown in 

Fig. III-C. 

The G-M survey meter is calibrated at ORNL for gamma radiation 

using a National Bureau of Standard (NBS) standard Ra source. The 

gamma calibration factor is typically of the order of 3,200 cpm per 

mR/h. 

In order to assess beta-gamma surface dose rates from uranium- 

contaminated surfaces using this instrument, a field calibration was 

performed. The G-M survey meter was compared with a Victoreen 

Model 440 ionization chamber (Fig. III-D) and was found to produce 

2,300 cpm per mrad/h with a 25% standard deviation for a wide variety 

of surfaces, including concrete, wood, pavement, bricks, and steel 

beams. 

Gamma Scintillation Survey Meter . 

A portable survey meter using an NaI scintillation probe is used 

to measure low-level gamma radiation exposure. The scintillation 

probe is a 3.2 x 3.8-cm NaI(T1) crystal coupled to a photomultiplier 

tube. This probe is connected to a Victoreen Model Thyac III rate- 

meter (Fig. III-E). This unit is capable of measuring radiation 

levels from a few uR/h to several thousand pR/h. This instrument is 

calibrated at ORNL with an NBS standard 22sRa source. Typical calibra- 

tion factors are on the order of 500 cpm per uR/h. The response of 

this meter is highly energy dependent. dl the field, a G-M detector 
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ORNL-Photo 6704-76 

Fig. III-C. Geiger-Mueller survey meter. 
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Fig. III-D. Victoreen Model 440 ionization chamber. 
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ORNL-Photo 6707-76 

Fig. III-E. Gamma scintillation survey meter. 
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with a response nearly independent of photon energy is used to deter- 

mine a correction factor for the scintillation meter. 

SMEAR COUNTERS 

Alpha Smear Counter 

This detector assembly, used for the assay of alpha emitters on 

smear paper samples, consists of a light-tight sample holder, a Zns 

phosphor, and a photomultiplier tube. This detector assembly was used 

with electronic components housed in a portable NIM bin (Fig. III-F). 

The electronics package consisted,of a preamplifier, an ORTEC 456 high 

voltage power supply, a Tennelec TC 211 linear amplifier, and a Tenne- 

let TC 545 counter-timer. 

The alpha smear counter was used in the field and calibrated 

daily using an alpha source with a known disintegration rate. 

Beta Smear Counter 

The beta smear counter consisted of a thin mica window (~2 mg/cm2) 

G-M tube mounted.,on a sample holder and housed in a 23-cm-diam x 35-cm- 

high lead shield. Located under the counter window is a slotted 

sample holder, accessible through a hinged door on the shield. An 

absorber can be interposed in the slot between the sample and the 

counter window to determine relative beta and gamma contributions to 

the observed sample counting rate. The electronics for this counter 

were housed in a portable NIM bin and consisted of a Tennelec TC 148 

preamplifier, an ORTEC 456 high-voltage power supply and a Tennelec TC 

545 counter-timer. 

This unit, shown in Fig. III-F, was used in the field to measure 

beta-gamma activity on smear papers and was calibrated daily using a 

gamma-ray standard of known activity. 
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SOIL ANALYTICAL PROCEDURES 
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ANALYSIS FOR 22sRa AND 232Th USING THE Ge(Li) DETECTION SYSTEM 

Soil samples for 22sRa and 232Th analysis are dried for 24 h at 

llO°C and then pulverized to a particle size no greater than 500 pm in 

. diameter (-35 mesh). Aliquots from this dried sample are transferred 

to 30-cm3 polyethylene bottles (standard containers for liquid scintil- 

lation samples), weighed and stored for approximately 30 days to allow 

for buildup of radon and radon daughters. These bottled samples are 

then analyzed on the Germanium-Lithium drifted [Ge(Li)] detector sys- 

tem of the Off-Site Pollutant Measurements Group at ORNL. 

A holder fdr twelve of the polyethylene bottles and a background 

shield have been designed for use with a 50-cm3 Ge(Li) detector system 

(Figs. IV-A, IV-B). During counting of the samples, the holder is 

used to position ten of the sample bottles around the cylindrical sur- 

face of the detector, parallel to and symmetric about its axis, and 

two additional bottles across the end surface of the detector, perpen- 

dicular to and symmetric with its axis. With a 300-cm3 sample and a 

graded shield developed for use with the system, it is possible to 

measure less than 1 pCi/g of 232Th or 22sRa with an error of &lo% or 

less. The-minimal detectable concentration (MDC) for the system, con- 

sidering the background of the counting system, is generally about 0.3 

pCi/g. 

Pulses produced by the Ge(Li) crystal are sorted by a 4096-channel 

analyzer (Fig. IV-C), stored on magnetic tape, and subsequently 

entered into a computer program, which uses a least-squares method,to 

identify radionuclides corresponding to those gamma-ray lines found in 

the sample. The program, which is accessible through a remote termi- 

nal, relies on a library of radioisotopes, which contains approximate- 

ly 700 isotopes and 2500 gamma-rays, and which runs continuously on 

the IBM-360 system at ORNL. In identifying and quantifying 226Ra, six 

principal gamma-ray lines are analyzed. Most of these are from 214Bi 

and correspond to 295, 352, 609, 1120, 1765, and 2204 keV. For analy- 

sis of 232Th, seven gamma lines of its daughters are analyzed (239, 

338, 583, 795, 911, 969, and 2615 keV):- J 
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ORNL-Photo 2172-75 

Fig. IV-A. Soil sample holder above the Ge(Li) detector system. 
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Fig. IV-B. Soil sample holder attached to Ge(Li) detector. 
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ORNL-Photo 6719-76 

Fig. IV-C Ge(Li) detector and holder inside lead shield with 
associated multichannel analyzer. 
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NEUTRON ABSORPTION TECHNIQUE FOR 238U ANALYSIS* 

Following the initial soil sample drying and pulverizing, a 

30 cm3 aliquot is sent to the Analytical Chemistry Division of ORNL 

for 238U analysis by neutron activation. The concentration of 235U in 

the soil sample is determined by counting delayed neutrons emitted 

from fission products produced by neutron activation of the 235U in 

the sample. Neutron activation of the samples are made in the pneu- 

matic tube irradiation facility of the Oak Ridge Research Reactor. 

Following exposure to a thermal neutron flux of approximately 6 x 1013 

n/(cm2*s), a count,; of the delayed-neutron activity is made using a 

paraffin moderator 'with a BFs tube detector assembly having a neutron 

counting efficiency of about 5%. The 23sU content of a test sample is 

obtained by comparing its delayed-neutron count to that obtained with 

a comparator sample containing a known quantity of 235U. Calculations 

are then made utilizing the following equation: 

235U in test sample = 

235U in comparator sample ( Net count of test sample 
Net count of comparator sample 

) 

The 238U concentration is then calculated assuming that 0.72% of natu- 

ral uranium is 235U. The precision of this method is approximately 

*5% (expressed as the relative standard deviation for 2a or 95% confi- 

dence intervals). 

*F. F. Dyer, J. F. Emery, and G. W. L.ejidicotte, A Comparative Study 
of the Neutron Activation AnaZysis of Uranium by Delayed Neutron Count- 
ing, Oak Ridge National Laboratory, ORNL-3342, October, 1962. 
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A summary of applicable radiation guidelines for the former Kellex site 

Mode of exposure Exposure conditions Guideline value Guideline source 

1. External gamma radiationa Continuous exposure to 
individual in general 
population (whole body) 

60 pR/h Nuclear Regulatory Commission (NRC) - 
Standards for Protection Against 
Radiation (10 CFR 20.105) 

2. Surface alpha contaminationa 226Ra contamination ,' 
fixed on surfaces 

Removable 226Ra 
contamination 

100 dpm/lOO cm2 

20 dpm/lOO cm2 

NRC Guidelines for Decontamination 
of Facilities and Equipment Prior 
to Release for Unrestricted Use or 
Termination of Licenses for By- 
product, Source, or Special Nuclear 
Mat&ial (Adapted from NRC Reg. 
Guide 1.86 

3. Surface beta contaminationa 

4. Beta-gamma dose rates9 

5. Exposure to radon= 

6. 
i 

Radionuclides in water= 

Removable beta-gamma 
emitters 

1000 dpm/lOO cm2 Same as number 2 

Average dose rate on an 
area no greater than 1 me 

0.20 mrad/h Same as number 2 

Maximum dose rate in any 
100 cm* area 

1.0 mrad/h Same as number 2 

Maximum permissible 
tration of 222Rn in 
unrestricted areas 

concen- 
air in 

level Maximum contaminant 
for combined 226Ra and 
228Ra in drinking water 

3.0 pCi/L 

5 pCi/L 

NRC 10 CFR 20.103, 
Appendix B, Table II 

EPA Interim Standards 40 CFR 141.15 

Maximum permissible concen- 
tration of the following 
radionuclides in water for 
unrestricted areas 

7. Uranium concentration in soil Average concentration of 
23311 in the top 20 cm of 

soil averaged over 400 m2 
(including background) 

NRC 10 CFR 20.103 
Appendix 8, Table II 

30 pCi/L 
40,000 pCi/L 
2,000 pCi/L 
100 pCi/L 

40 pCi/g DOE letter from William E. Mott to 
Department of Environmental 
Protection, State of New Jersey 
dated June 13, 1980 

u 
U 

aThis appendix contains a complete listing of standard. 
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Guidelines for Decontamination of Facilities and Equipment 

Prior to Release for Unrestricted Use or 

Termination of Licenses for By-Product, 

Source, or Special Nuclear Material 

U.S. Nuclear Regulatory Commission 
Division of Fuel Cycle and 

Material Safety 
Washington, D.C. 20555 

November 1976 
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The instructions in this guide, in conjunction with Table V-l, specify 

the radioactivity and radiation exposure rate limits which should be 

used in accomplishing the decontamination and survey of surfaces or 

premises and equipment prior to abandonment or release for unre- 

stricted use. The limits in Table V-l do not apply to premises, equip- 

ment, or scrap contai-ning induced radioactivity for which the radiolog- 

ical considerations pertinent to their use may be different. The 

release of such facilities or items from regulatory control will be 

considered on a case-by-case basis. 

1. The licensee shal;l make a reasonable effort to eliminate residual 

contamination. 

2. Radioactivity on equipment or surfaces shall not be covered by 

paint, plating, or other covering material unless contamination 

levels, as determined by a survey and documented, are below the 

limits specified in Table V-l prior to applying the covering. A 

reasonable effort must be made to minimize the contamination 

prior to use of any covering. 

3. The radioactivity on the interior5surfaces of pipes, drain lines, 

or ductwork-.shall be determined by making measurements at all 

traps, and other appropriate access points, provided that con- 

tamination at these locations is likely to be representative of 

contamination on the interior of the pipes, drain lines, or duct- 

work. Surfaces of premises, equipment, or, scrap which are likely 

to be contaminated but are of such size, construction, or loca- 

tion as to make the surface inaccessible for purposes of measure- 

ment shall be presumed to be contaminated in excess of the 

limits. 

4. Upon request, the Commission may authorize a licensee to relin- 

quish possession or control of premises, equipment, or scrap 

having surfaces contaminated with material in excess of the 

limits specified. This may include, but would not be limited to, 

special circumstances such as razing of transfer of 

premises to another organization continui work with radioactive 
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materials, or conversion of facilities to a long-term storage or 

standby status. Such request must: 

a. Provide detailed, specific information describing the 

premises, equipment or scrap, radioactive contaminants, and 

the nature, extent, and degree of residual surface contami- 

nation. 

b. Provide a detailed health and safety analysis which reflects 

that the residual amounts of material on surface areas, 

together with other considerations such as prospective use 

of the premises, equipment or scrap, are unlikely to result 

in an unreasonable risk to the health and safety of the 

public. 

5. Prior to release of premises for unrestricted use, the licensee 

shall make a comprehensive radiation survey which establishes 

that contamination is within the limits specified in Table V-l. 

A copy of the survey report shall be filed with the Division of 

Fuel Cycle and Material Safety, USNRC, Washington, D.C. 20555, 

and also with the Director of the Regional Office of the Office 

of Inspection and Enforcement, USNRC, having jurisdiction. The 

report should be filed at least 30 days prior to the planned date 

of abandonment. The survey report shall: 

a. Identify the premises. 

b. Show that reasonable effort has been made to eliminate 

residual contamination. 

C. Describe the scope of the survey and general procedures fol- 

lowed. 

d. State the findings of the survey in units specified in the 

instruction. 

Following review of the report, the NRC will consider visiting the 

facilities to confirm the survey. 

‘i 
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Nuclides' 

Table V-l. Acceptable surface contamination levels 

AveragebjC'* Maximumb'd'f RemovablebJeJf 

U-nat, U-235, U-238, and 
associated decay products 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 
AC-227, I-125, I-129 
Th-nat, Th-232, Sr-90, 
Ra-223, Ra-224, U-232, I-126, 
I-131, I-133 

Beta-gamna emitters (nuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except Sr-90 and 
others noted above. 

5,000 dpm a/100 cm2 

100 dpm/lOO 'cm2 

1,000 dpm/lOO cm2 

5,000 dpm 6y/lOO cm2 

15,000 dpm a/100 cm2 

300 dpm/lOO cm2 

I?:' c, 
3,000 dpm/lOO cm2 

15,000 dpm &/lo0 cm2 

1,000 dpm a/100 cm2 

20 dpm/lOO cm2 

200 dpm/lOO cm2 

1,000 dpm &/lo0 cm2 

c?J c-l 
"Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits established for 

alpha- and beta-gamma-emitting nuclides should apply independently. 

L bAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as 
determined by correcting the counts per minute observed by an appropriate detector for background, efficiency, and 
geometric factors associated with the instrumentation. 

'Measurements of average contaminant should not be averaged over more than 1 square meter. For objects of less 
surface area, the average should be derived for each such object. 

'The maximum contamination level applies to an area of not more than 100 cm2. 

eThe amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping that area 
with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material 
on the wipe with an appropriate instrument of known efficiency. When removable contamination on objects of less 
surface area is determined, the pertinent levels should be reduced proportionally and the entire surface should be 
wiped. 

sThe average and maximum radiation levels associated with surface contamination resulting from beta-gamma 
emitters should not exceed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respectively, measured through not more than 
7 milligrams per square centimeter of total absorber. 
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NUCLEAR REGULATORY COMMISSION 

EXCERPTS FROM 10 CFR 20 d 
STANDARDS FOR PROTECTION AGAINST RADIATION 
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Tltlo 1 D-Energy 

PART 20-STANDARDS FOR 
PROTECTION AGAINST RADIATION 

GENRFAL PROVISIONS 
sec. 
20.1 Purpo!ie. 
20.2 scope. 
20.3 Definitions. 
20.4 Units of radiation dose. 
20.5 Units of radioactivity. 

SW. 
20.6 Interpretations. 
20.7 communications. 

P~RMI~~~~Lc Dostrs. Lxvxrs ~xn 
COIWENTFMTIONS 

20.301 Radiation dose standards for indi- 
viduals in restricted areas. 

20.102 Determination of prior dose. 
20.103 Exposure of individuals to concen- 

trations of radioactive materials in air ln 
restricted areas. 

20.104 Exposure of minors. 
20.105 Permissible levels of radiation in un- 

restricted areas. 
20.106 Radioactivity ln effluents to unres- 

t&ted areas. 
20.107 Medical diagnosis and therapy. 
20.108 Orders requiring fumishlng of blo- 

sssay services. 

PRECADTIONARY PIOZEIBVRF.S 
20.201 Surveys. 
20.202 Personnel monitcring. 
20.203 Caution signs. labels, signals and 

controls. 
20.204 Same: exceptions. 
20.205 Procedures for picking up, receiving, 

and opening packages. 
20.208 In$ruction of personnel. 
20.207 Storage and control of licensed ma- 

terials in unrestricted areas. 
WASTE DISPOSAL 

20.301 General requirement. 
20.302 Method for obtaining approval of 

proposed disposal procedures. 
20.363 -Disposal by release into sanitary 

sewerage systems. 
20.304 Disposal by burial ln soil. 
20.305 Treatment or disposal by lnciner- 

ation. 

RECORDS. REPORTS, AND N~TIPICATION 
20.401 Records of surveys, radiation moni- 

t&riItR. and disDosal. 
20.402 Reports of theft or loss of Ucensed 

’ material. 
20.403 Notifications of incidents. 
20.404 [Reserved] 
20.405 Reports of overexposures and exces- 

sive levels and concentrations. 
20.406 [ReSeNedl 
20.407 Personnel monitoring reports. 
20.408 Reports of personnel monitoring on 

termination of employment or work. 
20.409 Notifications and reports to individ- 

II&. 

Excmmons mD A~DITI~NN. Rxqvraxtuu~s 
20.501 Applications for exemptions. 
20.502 Additional requirements. 

~FORCULENT 
20.601 Violations. 

_ _- .I .l..e.----. 
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Chapter I-Nuclear Regulatory Commission 9 20.3 

APPENDIXA-LReJervedl 
A~~cmxx B-Concentrations in Air and 

Water Above Natural Background. 
a4PPENDIX c 
APPENLUX D-United States Nuclear Rein&a- 

tory CornmIssion Inspection and Enforce- 
ment Regional Offices. 
AwrIIoIKI~: sets. 53. 63. 65. 81. 103. 104. 

161. 68 Stat. 930. 933. 935. 936. 937. 940. as 
amended; 42 U.S.C. 2073. 2093. 2095. 2111. 
2133. 2134. 2201. For the purposes of sec. 
223. 68 Stat. 958. as amended; 42 U.S.C. 
2273. ~~120.401-20.408. issued under sec. 
1610.. 68 Stat. 950. as amended: 42 U.S.C. 
2201(o). Sea. 202. 206, Fub. L 93438. 88 
Stat. 1244. 1246 (42 %.S.C. 5842, 5846). 
unless othewise noted.’ 

Sonnm 25 FR 10914. Nov. 17. 1966. unless 
otherwise noted. 

Noumw~~~C~~~~?.~:40~8783,Mar. 
3. 1975. 

GwraU PROVISIONS 

9 20.1 Purpose. 
(a) The regulations in this part es- 

tablish standards for protection 
against radiation hazards arising out 
of activities under licenses issued by 
the Nuclear Regulatory Commission 
and are issued pursuant to the Atomic 
Energy Act of 1954, BS amended. and 
the Energy,, Reorganlzatlon Act of 
1974. 

(b) The use of radioactive material 
or other sources of radiation not li- 
censed by the Commission is not sub- 
ject to the regulations in this part. 
However, it is the purpose of the regu- 
lations in this part to control the pos- 
session, use. and transfer of licensed 
material by any licensee in such a 
manner that the total dose to an indi- 
vidual (including exposures to licensed 
and unlicensed radioactive material 
and to other unlicensed sources of ra- 
diation. whether in the possession of 
the licensee or any other person, but 
not including exposures to radiation 
from natural background sources or 
medical diagnosis and therapy) does 
not exceed the standards of radiation 
protection prescribed in the regula- 
tions in this part. 

tc) In accordance with recommenda- 
tions of the Federal Radiation Coun- 
cil. approved by the President, persons 
engaged in activities under licenses 
issued by the Nuclear Regulatory 
Commission pursuant to the Atomic 

Energy Act of 1954, as amended, and 
the mergy Reorganization Act of 1974 
should, In addition to complying with 
the requirements set forth in this 
part, make every reasonable effort to 
maintain radiation exposures, and re- 
leases of radioactive materials in ef- 
fluents to unrestricted aress, as low as 
is relrsonably achievable. The term “as 
low as is reasonably achievable” means 
as low as is reasonably achievable 
taking into account the state of tech- 
nology, and the economics of improve- 
ments in relation to benefits to the 
public health and safety. and other so- 
cietal and socioeconomic consider- 
ations, and in relation to the utiliza- 
tion of atomic energy in the public in- 
terest. 
(Sec. 161. Pub. Law 83-703. 68 Stat. 948 (42 
USC. 2201); sec. 201. Pub. Law 93-430. 88 
Stat. 1242 (42 U.S.C. 5841)) 
125 FR 10914. Nov. 17, 1960. as amended at 
40 FR 8783, Mar. 3.1975; 40 Fl3 58847. Dec. 
19. 1975: 44 FR 32352, June 6,197Bl 

320.2 scope. 
The regulations in this part apply to 

all persons who receive, possess, use. 
or transfer material licensed pursuant 
to the regulations in Parts 30 through 
35, 40. or 70 of this chapter, including 
persons licensed to operate a produc- 
tion or utilization facility pursuant to 
Part 50 of this chapter. 
14OF'R 6783.Mar.3,19751 

9 20.3 Definitions. 
(a) As used in this part: 
(1~ “Act” means the Atomic Energy 

Act of 1954 (68 Stat. 919) including 
any amendments thereto: 

(2) “Airborne radioactive material” 
means any radioactive material dis- 
persed in the air in the form of dusts, 
fumes, mists, vapors, or gases; 

(3) “Byproduct material” means any 
radioactive material (except special 
nuclear material) yielded in or made 
radioactive by exposure to the radi- 
ation incident to the process of pro- 
ducing or utilizing special nuclear ma- 
terial; 

(4) “Calendar quarter” means not 
less than 12 consecutive weeks nor 
more than 14 consecutive weeks. The 
first calendar quarter of each year 

in January and subsequent 
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3 203 Title W-Energy 

State, any foreign government or 
nation or any political subdivision of 
any such government or nation, or 
other entity; and (ii) any legal succes- 
sor, representative, agent, or agency of 
the foregoing- 

(12) “Radiation” means any or all of 
the following: alpha rays, beta rays. 
gamma rays, X-rays, neutrons, high- 
speed electrons, high-speed protons, 
and other atomic particles: but not 
sound or radio waves, or visible. ln- 
frared. or ultraviolet light; 

( 13) “Radioactive material” includes 
any such material whether or not sub- 
ject to licensing control by the Com- 
mission: 

(14) “Restricted area” means any 

calendar quarters shall be such that 
no day is included in more than one 
calendar quarter or omitted from in- 
clusion within a calendar quarter. No 
licensee shall change the method ob 
served by him of determining calendar 
auarters except at the beginning of a 
calendar year, 

(5) “Commission” means the Nuclear 
Regulatory Commission or its duly au- 
thorized representatives: 

(8 1 “Government agency” means any 
executive department, commission, in- 
dependent establishment, corporation, 
wholly or partly owned by the United 
States of America. which is an instru- 
mentality of the United States, or any 
board, bureau. division, service, office, 
officer, authority, administration, or 
other establishment in the executive 
branch of the Government: 

(7) “Individual” means any human 
befnG 

(8) “Licensed material” means 
source material, special nuclear mate- 
rial, or by-product material received. 
possessed, used, or transferred under a 
general or specific license issued by 
the Commission pursuant to the regu- 
lations in this chapter: 

(9) “License” means a license issued 
under the regulations in Part 30.40, or 
70 of this chapter. “Licensee” means 
the holder of such license: 

(10) “Occupational dose” includes 
exposure of an individual to radiation 
(1) in a restricted area: or (ii) in the 
course of employment in which the in- 
dividual’s duties involve exposure to 
radiation, provided, that “occupational 
dose” shah not be deemed to include 
any exposure of an individual to radi- 
ation for the purpose of medical diag- 
nosis or medical therapy of such indi- 
vidual. 

(11) “Person” means: (1) Any individ- 
ual, corporation, partnership, firm, as- 
sociation. trust, estate, public or pri- 
vate institution, group, Government 
agency other than the Commission or 
the Administration (except that the 
AdmInistration shah be considered a 
person within the meaning of the reg- 
ulations in this part to the extent that 
its facilities and activities are subject 
to the licensing and related regulatory 
authority of the Commission pursuant 
to section 202 of the Energy Reorgani- 
zation Act of 1974 (88 Stat. 1244)). any 

area access to which is controlled by 
the licensee for purposes of protection 
of individuals from exposure to radi- 
ation and radioactive materials. “Re- 
stricted area” shall not include any 
aress used BS residental quarters. al- 
though a separate room or rooms in a 
residential building may be set apart 
BS a restricted area; 

(15) “Source material” means: (i) 
Vrsnium or thorium, or any combina- 
tion thereof, in any physical or chemi- 
cal form: or (ii) ores which contain by 
weight one-twentieth of one percent 
(0.05%) or more of (a) uranium, (b) 
thorium or tc) any combination there- 
of. Source material does not include 
special nuclear material. 

(16) “Special nuclear material” 
means: (i) Plutonium. uranium 233. 
uranium enriched in the isotope 233 or 
in the isotope 235. and any other ma- 
terial which the Commission, pursuant 
t,e the provisions of section 51 of the 
act, determines to be special nuclear 
material, but does not include source 
material; or (ii) any material artificial- 
ly enriched bv anv of the foregoing 
but does not include source material; - 

(17) “Unrestricted area” means any 
area access to which is not controlled 
by the licensee for purposes of protec- 
tion of individuals from exposure to 
radiation and radioactive materials, 
and any area used for residential quar- 
ters. 

(18) “Administration” means the 
Energy Research and Develooment 
Administration or its duly authorized 
representatives. 
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(19) “Termination” means the end 
of employment with the licensee or. in 
the case of individuals not employed 
by the licensee, the end of a work &s- 
signment in the licensee’s restricted 
are&s in a given calendar quarter, 
without expectation or specific sched- 
uling of reentry into the licensee’s re- 
stricted areas during the remainder of 
that calendar quarter. 

(b) Definitions of certain other 
words and phrases as used in this part 
are set forth in other sections, includ- 
ing: 

(1) “Airborne radioactivity area” de- 
fined m Q 20.203: ” 

(2) “Radiation area” and “high radi- 
ation area” defined in 0 20.202; 

(3) “Personnel monitoring equip- 
ment” defined in 0 20.202; 

(4) “Survey” defined in 5 20.201.: 
(5) Units of measurement of dose 

trad. rem) defined in 5 20.4; 
(6) Units of measurement of radioac- 

tivity defined in 0 20.5. 
tSec. 161. Pub. Law 83~703. 68 Stat. 948 (42 
USC. 2201); sec. 201. Pub. Law 93-430. 88 
Stat. 1242 (42 U.S.C. 5841)) 
C25 F’S 10914. Nov. 17. 1960. BS amended at 
25 FFt 13953. Dec. 30.1960; 27 F’R 5905. June 
22. 196% 38 F’R 22467. Aug. 21, 1973: 40 FFt 
8783. Mar. 3. 1975; 40 F’R 42558, Sept. 15. 
1975; 44 FR 32352, June 6.19791 

0 20.4 Units:f radiation dose. 
(a) “Dose,” ss used in this part, is 

the quantity of radiation absorbed, per 
unit of mass, by the body or by any 
portion of the body. When the reda- 
tions in this part specify a dose during 
a period of time, the dose means the 
total quantity of radiation absorbed, 

’ per unit of mass, by the .body or by 
any portion of the body during such 
period of time. Several different units 
of dose are in current use. Definitions 
of units as used in this part are set 
forth in paragraphs (b) and (cl of this 
section 

(b) The rad. as used in this part. is a 
measure of the dose of any ionizing ra- 
diation to body tissues in terms of the 
energy absorbed per unit mass of the 
tissue. One rad is the dose correspond- 
ing to tz absorption of 100 ergs per 

tissue- 
=l=O.OOl r-ad.) 

(One millirad 

tc) The rem, as used in this part, is a 
measure of the dose of any ionizing ra- 

diation to body tissues in terms of its 
estimated biological effect relative to a 
dose of one roentgen (r) of X-rays. 
(One millirem tmrem)=O.OOl rem.) 
The relation of the rem to other dose 
units depends upon the biological 
effect under consideration and upon 
the conditions of irradiation. For the 
purpose of the regulations in this part, 
any of the following is considered to 
be equivalent to a dose of one rem: 

(1) A dose of 1 r due to X- or 
gamma radiation; 

(2) A dose of 1 rad due to X-. 
gamma, or beta radiation: 

(3) A dose of 0.1 rad due to neutrons 
or high energy protons; 

(4) A dose of 0.05 r-ad due to particles 
heavier than protons and with suffi- 
cient energy to reach the lens of the 
eye; If it is more convenient to meas: 
ure the neutron flux, or equivalent, 
than to determine the neutron dose in 
r-ads. BS provided in paragraph (c)(3) 
of this section, one rem of neUtrOn ra- 
diation may, for purposes of the regu- 
lations in this part, be assumed to be 
equivalent to 14 million neutrons per 
square centimeter incident upon the 
body; or, if there exists suffkient in- 
formation to estimate with reasonable 
accuracy the approximate distribution 
in energy of the neutrons, the incident 
number of neutrons per square centi- 
meter equivalent to one rem may be 
estimated from the following table: 

NEUTRON FLUX DOSE EQUIVALENTS 

Nunbrd A--v 
-pr llww 
lqrvs- CWiVUlOO 

Nev(ronr*rgr(W) linmla nwhmn 
*M 4chan 

badmad t-1 
nmt- m’p8t WC.) 

aoca/m3 

Thrnul . . . . . . . . . . . . . 870x10* 670 
0.0001,_,._._._.._..................... 720x10* 500 
0.005 . . . . .._ - -................... 820x10* _; 570 
0.02 . . .._.__.___.............~........ 4coXlO~ 280 
0.1 . . . . . . ..- _.- . . . . . “_“............ 120X10’ 
0.5 .___.._...._.____....~.......~....... 43x10’ Z\~ 

1.0 . . . . . . . . . .._._..............~......... !zsXlO’ 18 
25 ____...,,...._.__._.................... 29x10’ 20 
5.0 . . . . ..__._.....................~...... 26x10’ 18 
7.5 ___..l..__._l....................... 24x 10’ 17 
10 ,_,______... _ . ..___.................... 24x10. 17 
10 to 30 .,..,....____................ 14x10. 10 

f 

_- .._ _.. .-- 
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(dl For determining exposures to X 
or gamma.rays up to 3 Mev, the dose 
limits specified in 00 20.101. to 20.104, 
inclusive, may be assumed to be equiv- 
alent to the “air dose”. For the pur- 
pose of this part “air dose” means that 
the dose is measured by a properly 
calibrated appropriate instrument in 
air at or near the body surface in the 
region of highest dosage rate. 

PERMISSIBLE DOS=. Lxv?zs, AND 
CONCENTRATIONS 

0 20.101 Radiation dose rtandardr for in- 

Q 20.5 Units of radioactivity. 
(al Radioactivity is commonly, and 

for purposes of the regulations in this 
part shall be, measured in terms of dis- 
integrations per unit time or in curies. 
One curie=3.7x lOI* disintegrations 
per second (dpsl=2.2x101a disintegra- 
tions per minute (dpml. Commonly 
used submultiples of the curie are the 
millicurie and the microcurie: 

dividuaia in restricted areas. 
(a) In accordance with the provisions 

of 0 20.102(a). and except ss provided 
in paragraph (bl of this section, no li- 
censee shall possess, use, or transfer li- 
censed material in such a manner as to 
cause any individual in a restricted 
area to receive in any period of one 
calendar quarter from radioactive ma- 
terial and other sources of radiation a 
total occupational dose in excess of 
the standards specified in the follow- 
ing table: 

(1) One millicurie (mCi) *=O.OOl 
curie (Gil ‘=3.7x 10’ dps. 

(2) One microcurie +Cil l=O.OOOOO1 
curie=3.7x104 dps. 

REMS PER CALENDAR QUARTER 

l.bwM3body;~MdlNnk:~bbcd- 
lcmmg organ% Ion0 01 eyes; or gonad0 ........... 1% 

2. Hmds and foroamla: feet and mkleo ............... 18% 
3. skin or vdlolo body.. ............................................ . 7% 

C26 FR 10914. Nov. 17, 1960, .as amended at 
38 FR 29314. Oct. 24. 1973; 39 FR 23990, 
June 28,1974: 40 FR 50705. Oct. 31. 19751 

0 20.6 Interpretationa 
Elxcep: ds specifically authorized by 

the Commission in writing, no inter- 
pretation of the meaning of the regu- 
lations in this part by any officer or 
employee of the Commission other 
than a written interpretation by the 
General Counsel will be recognized to 
be binding upon the Commission. 

9 20.7 Communications. 
Except where otherwise specified in 

this part, all communications and re- 
ports concerning the regulations in 
this part should be addressed to the 
Ebcecutive Director for Operations, 
U.S. Nuclear Regulatory Commission, 
Washington, D.C. 20555. Communica- 
tions, reports, and applications may be 
delivered in person at the Commis- 
sion’s offices at 1717 H Street NW., 
Washln8ton. D.C.; or at 7920 Norfolk 
Avenue, Bethesda, Maryland. 

(b) A licensee may permit an individ- 
ual in a restricted area to receive a 
total occupational dose to the whole 
body greater than that permitted 
under paragraph (al of this section, 
provided: 

(11 During any calendar quarter the 
total occupational dose to the whole 
body shall not exceed 3 rems; and 

(21 The dose to the whole bodv. 
when added to the accumulated occu: 
pational dose to the whole body, shall 
not exceed 5 (N-18) rems where “N” 
equals the individual’s age in years at 
his last birthday; and 

(31 The licensee has determined the 
individual’s accumulated occupational 
dose to the whole body on Form NRC- 
4, or on a clear and legible record con- 
taining all the information required in 
that form; and has otherwise complied 
with the reauirements of P 20.102. As 
used in paragraph (bl, “Dose to the 
whole body” shall be deemed to in- 
clude any dose to the whole body, 
gonads, active blood-forming organs, 
head and trunk, or lens of eye. 
Get. 161. Pub. Law 83-703. 68 Stat. 948 (42 
USC. 2201); sec. 201, Pub. Law 93-430. 88 
Stat. 1242 (42 U.S.C. 5841)) 

C40 FR 8783, Mar. 3.19751 

C44 F’Ft 10914. Nov. 11, 1960. as amended at 
44 F’R 32352. June 6, 19791 
0 20.102 Determination of prior dose. 

(a) Each licensee shall require any 
individual, prior to first entry of the 



Chapter I-Nudwr Regulatory Commission 3 20.103 

I 

r 

i 

f 

tl 

ii 

II 

I 

1 

c 

h 

B 

Y 

I 

Ii 

.li: 

individual into the licensee’s restricted 
area during each employment or work 
assignment under such circumstances 
that the individual will receive or is 
likely to receive in any period of one 
calendar quarter an occupational dose 
in excess of 25 percent bf the applica- 
ble standards specified in 0’20.101tal 
and 0 20.104(a), to disclose in a written, 
signed statement, either: (1) That the 
individual had no prior occupational 
dose during the current calendar quar- 
ter, or (2) the nature and amount of 
any occupational dose which the indi- 
vidual may have received during that 
specifically identified current calendar 
quarter from sources of radiation pos- 
sessed or controlled by other persons. 
Each licensee shall maintain records 
of such statements until the Commis- 
sion authorizes their disposition. 

(b) Before permitting. pursuant to 
0 20.101(b). any individual in a restrict- 
ed area to receive an occupational ra- 
diation dose in excess of the standards 
specified in 0 20.10lta). each licensee 
shall: 

(1) Obtain a certificate on Form 
NRC-4 or on a clear and legible 
record containing all the information 
required in that form, signed by the 
individual showing each period of time 
after the individual attained the age 
of 18 inwhich the individual received 
an occupational dose of radiation; and 

(21 Calculate on Form NRC-4 in ac- 
cordance with the instructions appear- 
ing therein or on a clear and legible 
record containing all the information 
required in that form, the previously 
accumulated occupational dose re- 
ceived by the individual and the addi- 
tional dose allowed for that individual 
under 0 20.101(b). 

(Ml1 In the preparation of Form 
NBC-4, or a clear and legible record 
containing all the information re- 
quired in that form, the licensee shall 
make a reasonable effort to obtain re- 
ports of the individuals previously ac- 
cumulated occupational dose. For each 
period for which the licensee obtains 
such reports. the licensee shall use the 
dose shown in the report in preparing 
the form. In any csse where a licensee 
is unable to obtain reports of the indi- 
vidual’s occupational dose for a previ- 
ous complete calendar quarter, it shall 
be assumed that the individual has re- 

ceived the occupational dose specified 
in whichever of the following columns 
apply: 

JUL 1.1061 

whole body. gonads. 
active bloob(omdn(l 
agano. head and 
t lUlk,hOOlOp. 

3% 1% 

(2) The licensee shall retain and pre- 
serve records used in preparing Form 
NBC-4 until the Commission autho- 
rizes their disposition. 
If calculation of the individual’s accu- 
mulated occupational dose for all peri- 
ods prior to January 1, 1961 yields a 
result higher than the applicable accu- 
mulated dose value for the individual 
as of that date, as specified in para- 
graph (bl of 0 20.101. the excess may 
be disregarded. 
tSec. 161, Pub. Law 83-703. 88 Stat. 948 (42 
U.S.C. 2201); sec. 201. Pub. Law 93-430. 88 
Stat. 1242 (42 U.S.C. 5341)) 
I25 FR 10914. Nov. 17. 1960. as amended at 
41 FTZ 18301. May 3. 1976; 44 F’B 32352. 
June 6.19791 

8 20.103 Exposure of individuals to eon- 
centrations of radioactive materials in 
air in restricted areas. 

(a)(l) No licensee shall possess, use. 
or transfer licensed material in such a 
manner as to permit any individual in 
a restricted area to inhale a quantity 
of radioactive material in any period 
of one calendar quarter greater than 
the quantity which would result from 
inhalation for 40 hours per week for 
13 weeks at uniform concentrations of 
radioactive material in air specified in 
Appendix B, Table I. Column 1. I13 If 

Wnce the concentration sz~~ified for tri- 
tlum oxide vapor assumes equal intakes by 
skin absorption and inhalation. the total 
intake permitted is twice that which would 
result from lnhalatton alone at the conce.n- 
tration specified for H 3 S in Appendix B. 

Footnotea continued on next page 
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the radioactive material is of such 
form that intake by absorption 
through the skin is likely, individual 
exposures to radioactive material shall 
be controlled so that the uptake of ra- 
dioactive material by any organ from 
either inhalation or absorption or 
both routes of intake 4s in any calen- 
dar quarter does not exceed that 

’ which would result from inhaling such 
radioactive materiil for 40 hours per 
week for 13 weeks at uniform concen- 
trations specified in Appendix B. 
Table I. Column 1. 

(21 No licensee shall possess, use, or 
transfer mixtures of U-234, U-235, and 
U-238 in soluble .-Iorm in such a 
manner ss to permit any individual in 
a restricted area to inhale a quantity 
of such material in excess of the 
intake limits specified in Appendix B, 

13 weeks. 
*For radon-222. the limittng quantity is 

that inhaled in a period of one calendar 
year. For radioactive materials designated 
“Sub” ln the “Isotope” column of the table. 
the concentration value specified ls based 
unon exposure to the material BS an exter- 

Footnotes continued from previous page 
Table I. Column 1 for 40 hours per.week for 

Title IO-Energy 

Table I, Column 1 of this part. If such 
soluble uranium is of a form such that 
absorptjon through the skin is likely. 

essary for timely detection and assess- 

individual exposures to such material 
shall be controlled so that the uptake 

ment of individual intakes of radioac- 

of such material by any organ from 
either inhalation or absorption or 

tivity by exposed individuals. It is as- 

both routes of intake4 does not exceed 
that which would result from @haling 

sumed that an individual inhales ra- 

such material at the limits specified in 
Appendix B. Table I. Column 1 and 

dioactive material at the airborne.con- 

footnote 4 thereto. 

centration in which he is present 

(31 For purposes of determining 
compliance with the requirements of 
this section the licensee shall use suit- 
able measurements of concentrations 
of radioactive materials in air for de- 
tecting and evaluating airborne radio- 
activity in restricted areas and in addi- 
tion, as appropriate, shall use mea- 
surements of radioactivity in the body, 
measurements of radioactivity excret- 
ed from the body, or any combination 
of such measurements as may be nec- 

r&l radiation source. Individual exposures to unless he uses respiratory protective 
these materials may be accounted for as 
part of the limitation on individual dose ln 

equipment pursuant to paragraph tc) 
5 20.101. Tnese nuclides shall be subject to of this section. When assessment of a 
the precautionary procedures requlred by particular individual’s intake of radio- 
0 20.103(bXlL~ active material is necessary, intakes 

‘Multiply the concentration values speci- less than those which would result 
fied ln Appendix B. Table I. column 1. by from inhalation for 2 hours in any one 
6.3x 10’ ml to obtain the quarterly quantity day or for 10 hours in any one week at 
Unit. Multiply the concentration value spec- 
lfied in Appendix B. Table I. column 1. by 
2.5~10’ ml to obtain the annual quantity 
limit for Rn-222. 

%gnificant intake by ingestion or lniec- 
tion is presumed to occur only ss a result of 
circumstances such as accident, inadver- 
tence, poor procedure, or similar special 
conditions. Such intakes must be evaluated 
and accounted for by techniques and proce- 
dures as may be appropriate to the circum- 
stances of the occurrence. Exposures so 
evaluated shall be included in determining 
whether the limitation on individual expo- 
sures in 0 20.103taXl) has been exceeded. 

‘Regulatory guidance on assessment of in- 
dlvldual intakes of radioactive material is 
given ln Regulatory Guide 8.9. “Acceptable 
Concepts. Models, Equations and Assump- 
tions for a Bioassay Program,” single copies 
of which are available from the Office of 
Standards Development, U.S. Nuclear Regu- 
latmy Commission, Wsshlngton. D.C. 20555. 
upon written request. 

u&&m concentrations - specified in 
Appendix B. Table I. Column 1 need 
not be included in such assessment, 
provided that for any assessment in 
excess of these amounts the entire 
amount is included. ’ 

(b)(l) The licensee shall, as a precau- 
tionary procedure, use process or 
other engineering controls, to the 
extent practicable, to limit concentra- 
tions of radioactive materials in air to 
levels below those which delimit an 
airborne radioactivity area as defined 
in p 20.203(dI(l)(ii). 

(2) When it is impracticable to apply 
process or other engineering controls 
to limit concentrations of radioactive 
material in air below those defined in 
Q 20.203(d)(lI(ii). other precautionary 
procedures, such 8s increased surveil- 
lance, limitation of working times, or 
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provision of respiratory protective spection and Enforcement Regional 
equipment, shall be used to maintain Office listed in Appendix D at least 30 
intake of radioactive material by any days before the date that respiratory 
individual within any period of seven protective equipment is first used 
consecutive days as far below that under the provisions of this section. 
intake of radioactive’ material which 
would result from inhalation of such 

(f) A licensee who was authorized to 
_-- -_ ~~ 

material for 40 hours at the uniform 
make allowance for use of respiratory 

concentrations specified in Appendix protective equipment prior to Decem- 
B. Table 1. Column 1 as is reasonably ber 29, 1976 shall bring his respiratory __--~~~ 
achievable; Whenever the intake of ra- protective program into conformance 
dioactive material by any individual with the requirements of paragraph 
exceeds this 40-hour control measure, (cl of this section within one year of 
the licensee shall make such evalua: that date, and is exempt from the re- 
tions and take such actions as are nec- quirement of paragraph te) of this sec- 
essary to assure against recurrence. tion. 
The licensee shall maintain records of 
such occurrences, evaluations, and ac- 

tSec. 161. F’ub. L. 83-703. 68 Stat. 948 (42 

tions taken in a clear and readilv iden- 
U.S.C. 2201); sec. 201. Pub. L. 93-438. 88 
Stat. 1242 (42 U.S.C. 5841)) 

tifiable form suitable for summary 
review and evaluation. C41 RR 52301. Nov. 29. 1976. as amended at 

W When respiratory protective 43 FR 29270. July 7.19781 
equipment is used to limit the inhala- 
tion of airborne radioactive material 3 20.104 Exposure of minors. 
pursuant to paragraph (b)(2) of this (a) No licensee shall possess, use, or 
section, the licensee may make allow- transfer licensed material in such a 
ance for such use in estimating expo- 
sures of individuals to such materials 

manner as to cause any individual 

provided that such equipment is used 
within a restricted area who is under 

8s stipulated in Regulatory Guide 8.15, 
18 years of age, to receive in any 

‘*Acceptable Programs for Respiratory 
period of one calendar quarter from 

Protection.” G radioactive material and other sources 
(d) Notwithstanding the provisions of radiation in the licensee’s posses- 

of paragraphs (b) and tc) of this sec- sion a dose in excess of 10 percent of 
tion, the Commission may impose fur- the limits specified in the table ln 
ther re&ictions: paragraph (a) of 9 20.101. 

(1) On the extent to which a licensee (b) No licensee shall possess, use or 
may make allowance for use of respi- transfer licensed material in such a 
rators in lieu of provision of process, manner as to cause any individual 
containment, ventilation. or other en- within a restricted area, who is under 
gineering controls, if application of 18 years of age to be exposed to air- 
such controls is found to be practica- borne radioactive material possessed 
ble; and by the licensee in an average concen- 

(2) As might be necessary to assure- tration in excess of the limits specified 
that the respiratory protective pro- in Appendix B. Table II of this part. 
gram of the licensee is adequate in 
limiting exposures of personnel to alr- 

For purposes of this paragraph, con- 
centrations may be averaged over peri- 

borne radioactive materials. 
tel The licensee shall notify, in writ- 

ods not greater than a week. 

ing. the Director of the appropriate 
tc) The provisions of $6 20.103(b)(2) 

Nuclear Regulatory Commission In- and 20.103tcI shall apply to exposures 
subject to paragraph (b) of this sec- 

This incorporation by reference Pmti- 
tion except that the references in 

sion was approved by the Director of the 05 20.103(b)(2) and 20.103tcI to Appen- 
Federal Register on Gctober 19.1976. Single dix B. Table I. Column 1 shall be 
copies of Regulatory Guide 8.15 are availa- deemed to be references to Appendix 
ble from the Office of Standards Develoo- B, Table II. Column 1. 
ment. U.S. Nuclear Regulatory Commission. 
Washlnpton, D.C. 20555. won written re- C25 FR 10914. Nov. 17. 1960. as amended at 
quest. 41 FR 52302. Nov. 29.19761 

t J 
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020.105 Permissible levels of radiation in 
unrestricted areas. 

(a) There may be included in any ap- 
plication for a license or for amend- 
ment of a license proposed limits upon 
levels of radiation in unrestricted 
areas resulting from the applicant’s 
possession or use of radioactive mate- 
rial and other sources of radiation. 
Such applications should include in- 
formation as to anticipated average ra- 
diation levels and anticipated occupan- 
cy times for each unrestricted area in- 
volved. The Commission will approve 
the proposed limits if the applicant 
demonstrates thht the proposed limits 
are not likely t6 cause any individual 
to receive a dose to the whole body in 
any period of one calendar year in 
excess of 0.5 rem. 

(b) Except as authorized by the 
Commission pursuant to paragraph (a) 
of this section, no licensee shall pos- 
sess, use or transfer licensed material 
in such a manrar as to create in any 
unrestricted area from radioactive ma- 
terial and other sources of radiation in 
his possession: 

(1) Radiation levels which, if an indi- 
vidual were continuously present in 
the area, could result in his receiving a 
dose in excess of two millirems in any 
one hour, or 

(2) Radiation levels which, if an indi- 
vidual were continuously present in 
the area..could result in his receiving a 
dose in excess of 100 millirems in any 
seven consecutive days. 

$20.106 Radioactivity in effluenta to un- 
restricted areas. 

(a) A licensee shall not possess, use, 
or transfer licensed material so as to 
release to an unrestridted area radioac- 
tive material in concentrations which 
exceed the limits specified in Appen- 
dix “B”. Table II of this part, except 
as authorized pursuant to 0 20.302 or 
paragraph (b) of this section. For pur- 
poses of this section concentrations 
may be averaged over a period not 
greater than one year. 

(b) An application for a license or 
amendment may include proposed 
limits higher than those specified in 
paragraph (a) of this section. The 
Commission will approve the proposed 
limits if the applicant demonstrates: 

(1) That the applicant has made a 
reasonable, effort to minimize the ra- 
dioactivity contained in effluents to 
unrestridted areas; and 

(2) That it is not likely that radioac- 
tive material discharged in the efflu- 
erit would result in the exposure df an 
individual to concentrations of radio- 
active material in air or water exceed- 
ing’ the limits specified in Appendix 
“B”, Table II of this part. 

tc) An application for higher limits 
pursuant td paragraph (b) of this sec- 
tion shall include information demon- 
strating that the applicant has made a 
reasonable effort to minimize the ra- 
dioactivity discharged in effluents to 
unrestricted areas, and shall include, 
as pertinent:’ 

(1) Information as to flow rates, 
total volume of effluent, peak concen- 
tration of each radionuclide in the ef- 
fluent, and concentration of each radi- 
onuclide in the effluent averaged over 
a period of one year at the point 
where the effluent leaves a stack, 
tube, pipe, or similar conduit; 

(2) A description of the properties of 
the effluents. including: 

(1) Chemical composition: 
(ii) Physical characteristics, includ- 

ing suspended solids content in liquid 
effluenti, and nature of gas or aerosol 
for air effluents: 

(iii) The hydrogen ion concentra- 
tions (~9 of liquid effluents; and 

(iv) The size range of particulates in 
effluents released into air. 

(3) A description of the anticipated 
human occupancy in the unrestricted 
area where the highest concentration 
of radioactive material from the efflu- 
ent is exdected. and, in the c8se of a 
river or stream, a description of water 
uses downstream from the point of re- 
lease of the effluent. 

(4) Information as to the highest 
concentration of each radionuclide in 
an unrestricted area. including antici- 
pated concentrations averaged over a 
period of one year: 

(1) In air at any point of human oc- 
cupancy; or 

(ii) In water at points of use down- 
stream from the point of release of 
the effluent. 

( 5 1 The background concentration of 
radionuclides in the receiving river or 



92 

Chapter I-Nuclear Regulatory Commission 

stream prior to the release of liquid ef- 
fluent. 

(6) A description of the environmen- 
tal monitoring equipment, including 
sensitivity of the system, and proce- 
dures and calculations to determine 
concentrations of radionuclides in the 
unrestricted area and possible recon- 
centrations of radionuclides. 

(71 A description of the waste treat- 
ment facilities and procedures used to 
reduce the concentration of radionu- 
elides in effluents prior to their re- 
lease. 

(dl For the purposes of this section 
the concentration limits in Appendix 
“B”. Table II of this part shall apply 
at the boundary of the restricted area. 
The concentration of radioactive ma- 
terial discharged through a stack, pipe 
or similar conduit may be determined 
with respect to the point where the 
material leaves the conduit. If the con- 
duit discharges within the restricted 
area, the concentration at the bound- 
ary may be determined by applying 
appropriate factors for dilution, dis- 
persion, or decay between the point of 
discharge and the boundary. 

tel In addition to limiting concentra- 
tions in effluent streams, the Commis- 
sion may limit quantities of radioac- 
tive materials released in air or water 
during a specified period of time if it 
appears that the daily intake of radio- 
active material from air, water, or food 
by a suitable sample of an exposed 
population group, averaged over a 
period not exceeding one year, would 
otherwise exceed the daily intake re- 
sulting from continuous exposure to 
air or water containing one-third the 
concentration of radioactive materials 
specified in Appendix “B”. Table II of 
this part. 

(fl The provisions of this section do 
not apply to disposal of radioactive 
material into sanitary sewerage sys- 
tems, which is governed by 0 20.303. 
129 FR 14434. Oct. 21.19641 

0 20.107 Medical diagnosir and therapy. 
Nothing in the regulations in this 

part shall be interpreted as limiting 
the intentional exposure of patients to 
radiation for the purpose of medical 
diagnosis or medical therapy. 

g20.108 Orders requiring fumiahing of 
bio-assay scrvices. 

Where necessary or desirable in 
order to aid in determining the. extent 
of an.individual’s exposure to concen- 
trations of radioactive material, the 
Commission may incorporate appro- 
priate provisions in any license, direct- 
ing the licensee to make available to 
the individual appropriate bio-assay 
services and to furnish a copy of the 
reports of such services to the Com- 
mission. 

PRECMJTIONARY ~OCEDVRES 

g.20.201 Surveys. 
(a) As used in the regulations in this 

part, “survey” means an evaluation of 
the radiation hazards incident to the 
production. use, release, disposal, or 
presence of radioactive materials or 
other sources of radiation under a spe- 
cific set of conditions. When appropri- 
ate, such evaluation includes a physi- 
cal survey of the location of materials 
and equipment, and measurements of 
levels of radiation or concentrations of 
radioactive material present. 

(bl Each licensee shall make or 
cause to be made such surveys as may 
be necessary for him to comply with 
the regulations in this part. 

0 20.202 Personnel monitoring. 
(a) Each licensee shall supply appro- 

priate personnel monitoring equip- 
ment to, and shall require the use of 
such equipment by: 

(11 Each individual who enters a re- 
stricted area under such circumstances 
that he receives, or is likely to receive, 
a dose in any calendar quarter in 
excess of 25 percent of the applicable 
value specified in paragraph (a) of 
p 20.101. 

(21 Each individual under 18 years of 
age who enters a restricted area under 
such circumstances that he receives, 
or is likely to receive, a dose in any cal- 
endar quarter in excess of 5 percent of 
the applicable value specified in para- 
graph (a) of 3 20.101. 

(3) Each individual who enters a 
high radiation area. 

(b) As used ln this part, 
(11 “Personnel monitoring equip- 

ment” means devices designed to be 
worn or carried by an individual for 
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Energy Reorganisation Act of 1974. or 
any rule, regulation, or order issued 
thereunder, or any term. condition, or 
limitation of any license issued there- 
under, or for any violation for which a 
license may be revoked under section 
186 of the Act. Any person who will- 
fully violates any provision of the Act 
or any regulation or order issued 
thereunder may be guilty of a crime 
and, upon conviction, may be punished 
by fine or imprisonment or both, as 
provided by law. 

(Sec. 201. Pub. L. 93-438. 88 Stat. 1242 (42 
U.S.C. 5841)) 
C40 F’R 8784. Mar. 3. 1975. as amended at 42 
FR 25721. May 19.19771 

Non.-The reporting and record .keeping 
requirements contained in this part have, 
been approved by the General Accounting 
Office under B-180225 (R0043). ‘(R0044). 
and (R0084). 

APPENDIX A-CRESER~KDI 

arm*(4DmicW b0-P.' cd.1 cd.2 cd.1 cQl.2 

Acnrium (~)..........................-........-........"-...- ....... AC 227 ....................... f 

AC 228.. ..................... s 
I 

&mr&m (OS).............--...-...........-...--"" ........... Am 241 ...................... ; 

Am 24211~ ................ S 

&n 242...- ................ k 

Am 243 I ................. k 

Am 244 ..-........- ...... 's 
I 

Anthnmy................~.........-.,....-....-..~........-.. - sb 122....- ............ ..." 7 

sb (24. .._ .................. s 

sh 125.-".. .............. 

AQOII (18) ............ .._.........._......~~..~.m~ ..... . A 37 .... . . . ................ it& ' 
A41 .. .._................... .. Sub 

Ammic 03). ... . ..-.........-. - ._.I .. ..- -.-I-. ... - .. k 73 .._I.. ................ s 
. I 

A# 74 ......................... s 

k 76 .._..................... ‘s 
I 

Al n _....._.............,... s 
I 

htdm (as) . . ..I..........._._.-...-...... I ----. -........- At 211 . . .._._................ s 
I 

Suium (56) -_._........_ _ . ..-........_......... - _._I - . ..-. 84131....................... s 

84 146 ._.-.,............. k 

Br(uT*m (07). . ..-......... - . . ..-......-. -.-" ---.. Sk 249......-........e.... 6 

Qk 256 . . ..-................. k 

eaylaml (4).....................................-..-..-...-...... 94 7 . . . . . . . . . . . . . . . ..-........ L 
I 

3 

2x10-" 
3x10-" 
6X10-' 
2x10-9 

6x10-'* 

6x10-I 6x10-" 
9x10-' 9x10-" 
3x10-a 3x10-. 
3x10-' 6x10-" 
1x10-' 2x10-1' 
6Xlcr' 4x10-" 
1x10-. 2X10‘" 
3x10-1 9x10-" 
4x10-9 1x10-* 
4x10-' 2x10-. 
1x10-4 2x10-1' 
6x10-' 4x10-" 
1x10-' 1x10-1 
1x10-1 8x10-1 
8x10“ 6x10-* 
6x10-' 5x10-' 
7x10-. 5x10-. 

1x10-'* 
6X lo- '1 
3x10-" 

4x10-1 
5x10-' 

6x10-l' 
1X10-1' 
4x10-. 
2x10-' 
2x10“ 
1x10-' 
2x10-1 
2x10-. 
5x10-' 
3x10-1 
6x10-' 
2x10.' 
2x10-1 
4x10-' 
3x10-' 
1x10-' 
1x10-1 
1x10-. 
5x10-1 
4x10-1 
7x10-1 
3x10-. 
1x10“ 
4x10-. 
1x10-' 
4x10-9 

9x10-'* 
1x10-' 
1x10-' 
1x10-' 
6x10-J 
1x10-' 

3x10-1 9X10-'* 
. . . . . . . 1x10-. 

. . . . . . . . . . 4x10-. 
1x10- 7x10-' 
1x10- 1x10-1 
2x10-a 1x10-. 
2x10-9 4x10-* 
6x10-' 4x10-O 
6x10-' 3x10-' 
2x10-1 2x10-* 
2x10-J 1x10-. 
y:' 2X10-" 

I 1x10-* 
5x10-' 4x10-. 
5X10-' 1x10-* 
6x10-' 4x10-9 
7x10-. 1x10-. 
2x10-1 3x10-" 
2x10“ 4x10-* 
6x10-' 5x10-O 
6x10-' 4x10-* 
5x10-' 2x10-. 
5x10-1 4x10-1 

2x10-. 
3x10-. 
9x10-' 
axlo-' 
4x10-a 
3x10-1 
4x10-* 
9x10-* 
1X10“ 
1x10“ 
4x10-g 
3x10-' 
5x10-' 
5X10-' 
3x10-. 
3x10-L 
2x10-1 
2x10-1 
1x10-. 
1x10-. 

. . . . . . . . . . . . . 
5x10-. 
5x10-. 
5x10-1 
5x10-1 
2x10-. 
2x10-. 
8x10-' 
6x10-' 
2x10-1 
7x10-' 
2x10-' 
2x10-. 
3x10-1 
2x10-L 
6x10-' 
6x10-' 
2x10-4 
2x10-4 
2x10-' 
2x10-' 
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Lsee notes 11 end of alT'mlw 

Element (aomlc number) f-W’ cd. 1 cd.2 cd.1 col.2 

&k-ll) (j%l) f&ll $:,) 

slsmuth(63) ..,....._.....,.,.._,.......................” . . . . . . ..-......... si206 . . . . . . . . . . . . . . . . . . . . 

Qi 207 . . . . . . . . . . . . . . . . . . . . . . s 
I 

si210 ,._.._.................. s 
I .i 

Bi 212 .__._._................ s 
I 

Qralnlm (35)................................~...................~......... ef 62.......................... s 
I 

cadmium (46) . .._......,._........,,....................................... cd 109 . . . . . . . . . . . . . . . . . - s 

cdllsm ,,.................. L 

cd 115....................... : 
I 

calcivn (20)........,........................................................ ti 45 . . . . . . . . . . . . . . . . . . . . . . . . . s 

ca 47 ._....................... L 
I 

ClHomium (98)........................................,.................. Cl 249........................ s 
I 

ct 250...................... s 

. . . 

cl 251........................ k 
I 

a 252........................ s 

cl 253 ,....................... : 

cl 254........................ : 
1 

carbon (6) .____.._,.._______...,........................,......,.,...,......~ C 14 . . . . . . . . . . . . s 
(co') . . . . . . . . . . . . . . . . . s&J 

ce'-lum (56) . . . . . . .._......................................................... ce 141 . . . . . . . . . . . . . . . s 
I 

cl3143 . . . . . . . . . . . . . . . . . . . s 
I 

CslU . . . . . . . . . . . . . . . . . . . s 
I 

cer*m (55)......................................................,........... ca 131 . . . . . . . . . . . . . . . . . . . . . s 

Csl34m . . . . . . . . . . . . . . S 
I 

cs 134 . . . . . . . . . . . s 
I 

cS 135 .,...,................. s 
I 

ca 136 ,,..,..,............... s 

CI 137 . . k 
I 

albrh (17) __..__.......__,.,_......,..,,.....,............................ a 36 s 

a 36 . . . . . . . . . . . . . . . . . . . . . . . . L 

U'romiun (24)................................................. ..,,....... Cf 51.......................... S 
I 

4x10-L 
4x10-* 
6x10“ 
6x10-' 
4x10-s 
4x10-' 
4x10-. 
4x10-' 
3x10-. 
4x10-1 
2x10-' 
2x10-. 
3x10-L 
3x10-L 
3x10-' 
4x10-L 
9X10“ 
2x10-. 
5x10-L 
3x10-a 
4x10-L 
2x10-1 
1 x10-' 
3x10-. 
4x10-4 

2x10-' 1x10-' 6x10“ 
1x10-' 1x10-* 5x10-9 
2x10-l 2x10-' 6x10-' 
1x10-* 2x10-* 5X10-" 
6x10-* 1x10-' 2x10“' 

:; ii:* 
1x10-* 2X10“' 

' 1x10-* 3x10“ 
2x10-1 1x10-* 7x10-* 
1x10-1 8x10-J 4x10-1 
2x10-l 1x10-' 6x10-' 
5x10-1 5x10-* 2x10-* 
7x10-9 5x10“ 3x10-. 
4x10-. 7x10-. 1x10-* 
4x10-1 7x10-. 1x10-* 
2x10-' 1x10-' 6X10-' 
2x10-' 1x10-' 6x10-' 
3x10-* 3x10-. 1X10.' 
1x10-1 5x10-* 4x10-. 
2x10-l 1x10-' 6x10-* 
2x10-I 1x10“ 6x10-' 

2x10-" 1x10-' 5x10-1' 
1X10-" 7x10-0 3x10-" 
5x10-" 4x10-. 2x10-" 
;;;m:: 7x10-. 3x10-" 

1x10-' 6x10-" 
1x10-1' 6x10-' 3x10-" 
6x10-'* 2x10-' 2x10-" 
3x10-" 2x10-. 1x10-" 
6x10-" 4x10-' 3x10-" 
8x10-'* 4x10-* 3x10-" 
5x10-" 4x10-. 2x10-" 
5X10“' 4x10-* 2x10-" 
4x10-s 2x10-* 1x10-1 
5x lo-' 1x10-. 
4x10-1 3x10-* 2x10-. 
2x10-' 3x10-1 5x10-* 
3x10-. 1x10-* 9x10-* 
2x10-' 1x10-* 7x10-* 
1x10-. 3x10-. 3x10-" 
6x10.' 3x10-. 2x10-'* 
1x10-' 7x10-* 4x10-1 
3x10-* 3x10-* 1x10-1 
4x10-1 2x10-1 1x10-* 
6x10-' 3x10-' 2x10“ 
4x10-* 3x10-4 1x10-* 
1x10-. 1x10-' 4x10-1* 
5x10-1 3x10-* 2x10-1 
9x10-* 7x10-* 3x10-. 
4x10-7 2x10-* 1x10-. 
2x10-' 2x10-' 6x10-* 
6X10.' 4x10-' 2x10-. 
1x10- 1x10-* 5x10-10 
4x10-1 2x10-* 1x10-. 
2x10-. 2x10-* 6X10-" 
3x10-* 1x10-* 9x10-' 
2x10-. 1x10-* 7x10-. 
1x10-L 5x10-1 4x10-' 
2x10-1 5x10-' 6X10“ 

3x10-5 
7x10-1 
7x10-. 
1x10-' 
1X10“ 
1x10-' 
1x10-1 
6x10-' 

9x10-' 
9x10-. 
4x10.' 
4x10-' 
1x10-' 
1x10- 
2x10-* 
9x10-. 
6x10-l 
1x10-* 
9x10-. 
4x10-' 
1x10.. 
2x10-. 
9x10-‘ 
6x10-' 
2x10.' 
4x10.' 
6x10-' 
6x10-a 
4x10-. 
4x10-' 
2x10-* 
2x10-* 

f 
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APPENOIX~--CONCENTRATTK)NS#~RANO WATERABOVENATURALBACKGRO~JND-CO~I~~~ 

lseenoterrtwdotappmdtxl 

Table1 Tablell * 

Etement (atomic wmbw) b-w’ cot.1 cd.2 cd. 1 cd.2 

Cobalt(27) ............... .._ ...................... - . ..__ .......... - ... cO57.. ... .._. I.. ........... S 

rzcpper (29) . . ...” . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . cu64 . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Curium (W)...........................................-.......-.~..- ...... On 242 ...................... S 

cm 243 ...................... 's 

cm 2u...................... 6 
I 

On 245 ...................... S 

cm 246.. .................... z 

Cm 247 ...................... 6 

Cm 246 ...................... ; 

Cm 249 ...................... 6 
I 

faysprosium (66). ............................ ..-_....- .." ..I.. .... . Dy 165.. ....... ..I .......... s 

Dy 166.. ..................... $ 
I 

Einsteiniwn (99).............-............-.....-......~....-....~ .. Em 253 ....................... S 
I 

Es 254m .................... s 

E* 254. ..-......- .......... : 

Es 255..-.................. . : 
I 

Eriium (68) ,....___._...._._....................-.....-....-.~-.. Er 169 ._-...__......_..._.. S 
I 

Er III............. ...... ..." s 
I 

EuoQium (63) _................__.........-...-...-- ................ Eu 152 ....................... S 
t-ll2=02 tn) ........... I 
Eu152 .- .... ...". .......... s 
(-r/25= 13 yls) ............ I 
Eu 154 ._.....__ ........... S 

I 
Eu 155 _ ..................... S 

Femhn (100) ._.....,_._.__.__.............~.~........-....~........ Fm 254..-u............. ; 
I 

Fm 255 ......... .._ ......... S , 

Fm 256.. .................... s 

Fbaine(9) ...... .._......................~....~ .......... - .. ..__ ....... F16. ........ - .._ ........... k 
I 

3 

3x10-* 
2x10-. 
2x10-. 
sxm-* 
6x10-' 
5x10-9 
3x10-. 
6x10-' 
2x10+ 
1x10-* 

1X10-" 
2x10-m 
6x10-" 
1X10-" 
6x10-'* 
1x10-'* 

:; ii::: 

5x10-" 
1X10-” 
5x10-" 
1X10-" 
6x10-'* 
1x10-" 
1x10-' 
1x10-1 
3x lo-' 
2x10-g 
2x10-T 
2x10-. 

6x10-'* 
6x10-'* 
5x10-9 
6x10-* 

2x10-“ 
1X10“' 
5x10-'* 
4X10-'* 
6x10-l 
4x10-. 
7x10-7 
6x10-l 
4x10-' 
3x 10“ 
1x10“ 
2x10-. 
4x10-9 
7x10-. 
0x10-* 
7x10-. 
6x10-' 
7x10.' 
2x10-1 
1x10“ 
3x10-* 
2x10-' 
5x10“ 
3x 10“ 

2x10-. 1x10-. 5x10-. 
1x10-' 6x10-' 4x10-4 
6x10-' 6x10-' 3x10-3 
6x10-' 3x10-' 2x10-a 
4x10-9 3x10-9 1x10-* 

6x10-' 4x10-' 
7x10-. 4x10-" 
7x10-' 6x10“' 
1x10-' 2x10-" 
7x10-. 3x10-" 
2x10-. 3x10-1' 
6x10-' 3x10-" 
1x10-. 2x10-'= 
6x10“ 4x10-" 
1x10-. 2x10-" 
6x10-* 4x10-" 
1x10-a 2x10-1' 
6x10-' 4x10-l' 
1x10-* 2X10“' 

6x10-' 4x10-I 
1x10-1 9x10-' 
1x10-1 7x10-. 
1x10-' 6x10-* 
1x10-a 7x10-9 
7x10-. 3x10-" 
7x10-. 2x10-" 
5X10“ 2X10-'* 
5X10“ 2x10-'* 
4x10-' 6x10‘" 
4x10-. 4x10-" 
6x10-' 2x10-" 

3x10-1 1x10-. 
3x10-1 2X10“ 
3x10-a 2x10-1 
2x10-a 1x10-' 
2x10“ 1x10‘~ 
2x10-a 4X10-'* 
2x10-9 6X10-1' 
6x10“ 1x10-'* 
(IxtO-' 2x10-" 
6x10-' 3x10-' 
6X10-* 3x10“ 
4x10-' 2x10-9 
*x10-' 2x10-9 
1x10-' 6x10-" 
1x10-' 4X10-" 
3x10-' 1x10-1' 
;;;X:' 6x10‘" 

' 2x10-' 
1x10“ 6x10-' 

0x10-* 
5x10-' 
3x10-. 
3X10“ 
2x10-. 
2FlO“ 
2x10-. 
5x10-. 
2x10-. 
7x10-* 
3x10-* 
4x10-* 
3x10-s 
4x10-s 
3x10-s 
4x10-g 
2x10-. 
4x10-. 
1X10“ 
2x10-a 
2x10-1 
4x10-. 
4x10-. 
4x10-. 
4x10“ 
2x10-. 
2x10“ 
2x10-. 
2X10“ 
1x10-. 
1x10-. 
3x10-. 
3x10-. 
ox lo-' 
DXlO“ 
1x10-. 
1x10-. 
6x10“ 
6x10-' 
6x10-' 
axm-* 
2x10-. 
2X10-b 
2x10-4 
2X10“ 
1X10“ 
1X10“ 
3x10-1 
3x10-' 
9X10“ 
6x10-' 
6x10-' 
5x10-. 
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Element (Momic number) Iro(ope’ ad.1 cd.2 cd. 1 cd.2 

Gadolinium (64) . .._........_..............-......-.....-..--..-.. Gd 153....................... S 

Gd156 . . . . . . . . . . . I . . . . . . . . . . 6 

Galli ~l)..........--........-....-.....--......,..-....-,-,.. Go 72......................... k 
I 

Germanium (32)...........,........-.-....-..-....,.......-.--.. Oe 71 . .._.._.........._._.... S 
.i I 

Gold (79) . . . . . . . . . . . . . . . -._ . . . . . . . “I -.... L.““.“..“.“...” . . . . . . Au 166 . . . . . . . . . . . . . . . . . . . . . . . s 
I 

Au WL...."............... s 
I 

Au l@@....."................ s 

Melnium (72) _..._..._..__........................................-...... HI 161 . . . . . . . . . . . . . . . . . . . . . . . . : 

blohim(67) _.........._._..............-............-.-..............-. Ho166 . . . . . . . ..-.......... 6 

tiydmgatl(1) . . . . .._......_.._.........-................................ H3.” . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘s 

L 
lndum (49) .._.__..........._._............................................,.. In 1 ml . . . . . . . - . . . . . . . . . . s 

I 
In 114m . . . . . . ..I." s 

I 
In 115m . . . . . . . . . . . . . . . . . . . . . s 

I 
In115 . . . . . . . . . . . . . . . . . . . . . . . . s 

kxane (53) ..” . . . . . . . . . . . . . . - . . .._.........” . . .._..._................. 
I 

I 125........................... S 

126 . . . . . . . . . . . . . . . . . . . . . . . . k , 

129........................... s 
I 

I 131 . . . . . . . . . . . . . . . . . . . . . . . . . . . s 
I 

I132 . . . . . . . . . . . . . . . . . . . . . . . . . S 
I 

I 133....".."................. s 

1134 . . . . . . . . . . . . . . . . . . . . . . . . . . s 
I 

1135 . . . . . . . . . . . . . . . . . . . . . . . . s 

lkllum(77) .__._ ^...” . . . ...” . . . . . . . . . ...__” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *160 . . . . . . . . . . ..I........... s 
I 

k 162 . . . . . . . . . . . . . . . . . . . . . . s 
I 

If164 . . . . . . . . . . . . . . . . . . . . . s 

ton (2s)..............-.....................-................-............... Fe 55 .._............. S 
I 

Fa 56 . . . . . .._..._............. S 
I 

2x10-1 
9x10-* 
5x10-. 
4X10“ 
2x10-' 
2X10“ 
1x10-. 
6x10-‘ 
1x10-. 
6x10“ 
3x10-' 
2x10-1 
1 x 10“ 
6x10-’ 
4X10“ 
7x10-. 
2x10-. 
2x10-1 
5x10-* 
5x10-* 
2x10-2 
6x10-* 
7x10-s 
1x10-' 
2x10“ 
2x10-. 
2x10-* 
2x10-' 
3x10-a 
5x10-* 
2x10-' 
6x10-' 
3x10-' 
2x10-8 
7x10-9 
oxlo-' 
3x10-' 
2x10.' 
oxlo-' 
3x10-9 
2x10-. 
5x10“ 
3x10-. 
1x10-. 
4x10-. 
1x10-. 
4x10-7 
1x10-' 
3x10-. 
2x10-7 
2x10-7 
9x 10-7 
1x10-. 
1x10-' 
5x10-9 

6x10“ 6x10-9 
6x10-' 3x10.' 
2x10-8 2x10-. 
2x10-' 1x10-1 
1x10“ 6x10-' 
1x10.' 6x10-* 
5x10-. 4x10-' 
5x10-' 2x10-1 
5x10-1 4x10-* 
4x10-1 2x10-. 
2x10-1 1x10-. 
1x10-' 6x10-' 
5x10-' 4x10-. 
4x10-' 3x10-1 
2x10-a 1X10-' 
2x10-a 3x10-1 
9x10-* 7x10-. 
9x10-* 6x10-I 
1x10-1 2x10-1 
1x10-' 2x10-' 

. . . 4x10-* 
4x10-1 3x10-' 
4x10-2 2x10-f 
5x10-. 4x10“ 
5x10-. 7XlO“Q 
1x10-a 6x10“ 
1x10“ 6x10-' 
3x10-a 9x10-* 
3x10-' 1x10-* 
4x10-' 6x10-" 
6x10-' 6x10-' 
5x10-1 oxlo-" 
3x10-1 1x10“ 
1X10“ 2x10-" 
6x10-' 2x10-' 
6x10-* 1X10-" 
2x10“ 1x10-' 
2x10-' 3x10-. 
5x10-1 3x10-1 
2x10-. 4X10-'* 
1X10-~ 7x10-9 
*x10-' 6x10-' 
2x10-* 1x10-' 
7x10-4 1x10-* 
2x10-a 1x10-. 
6x10-l 4x10-' 
5x10-a 1x10-. 
1x10-' 4Xlcr* 
1x10-a gx;o-w 
1x10-' 6x10-* 
9X10“ 5x10-* 
2x10-1 3x10-. 
7x10-1 3x10-a 
2x10-' 5x10-* 
2x10-s 2x10-* 

2x10-. 
2x10-. 
6x10-s 
6x10-' 
4x10-1 
4x10-. 
2x10-9 
2x10-3 
2x10-. 
1X10“ 
5x10-1 
5x10-1 
2X10“ 
2x10.. 
7X10“ 
7x10-9 
3X10.' 
3x10-' 
3x10-1 
3x10-a 

1x10-' 
1x10-' 
2x10-5 
2x10-s 
4x10-* 
4x10-. 
9x10-1 
9x lo-' 
2x10-' 
2x10-. 
3x10-' 
9x10-' 
6x10-' 
2x10-\ 
3x10-7 
6x10.' 
6x10“ 
2x10-1 
1x10-* 
4x10-L 
2x10-L 
6x10-' 
4x10.' 
7X10-' 
2X10“ 
2x10-1 
4x10‘~ 
4x10-1 
3x10.' 
3X10.' 
6x10-' 
2x10-* 
6x10-l 
5x10-~ 
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Iseanotasatondola&tqadd 

7dAaI TOM6 

Elmant (atomic fttmbw) m' cd.1 w.2 cd.1 col.2 

0 6zEl) o&l) (g;; 

Palwlml (46) ..... ..- ..... -. ......... .." ...... . . . - - .. . w 103.. ..- . - s 

Pd 109" -. ... . .... ..- - L 

Ptwplma (15) ........ ..I ... I. ..- ........ "." .... . .. . .. . . . . . P 32 . .. . . . - .._I ..- s 

Pla6nun(76). ..^..._.._ .... -. ........... ..- .". . . ... . _ ......... PI101 ........ ..-....- . ..- Is 
.i 

Pt 193m.-. . . . . -. k 

PI 193 . . . . -. . ^.. . . .. i 

Pt 187m. .._..- .... -_ : 

PI 197.....--..--. : 

Pltnohm (94) . . . . . . . . . . . . . . ..-..................................I......_ Pu 236 . . .._.-....._. - 

Pu 239 ..-I.....--....-. : 

Pu 240 ,......--.. - -... 6 

Pu 241 .__...I..._.. ___ L 

Pu 242 ._.-...I_.._ 6 

PO 243 . . . . ..-- -...- L 

RI 244 . . . . . . . . . . -- : 

Fk#onim @4)....,. . . . . . . . . . . . . . . . ..I-......." .-...............--. PO 210 . . . . ..^--_. ""_ k 

Potaukm (1 S) . . . . . . . . . . ..~.._.............-....-.......-....-....... K4Z . ..-.__I_ - .____ k 

Ruro6ymiun (59) . ..__......._..._..........--.."--.-...-..... R 142 . . .._ --..-.. i 
I 

R 143"~--...., s 

Romthivn (61) . . . . .._.....-..._...-...--... I I__..." -..... Pm 147.~---." L 
I 

Pm 149 . . . . . . . . . . - 's 

RoEacblM,(Ql) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-..... - I.... Pa230 .._.." . . . . . -. k 
I 

Pa 231" .-.--.... -. s 

Pa 233.- .--..... - s 
Raaml (66) . . . . . . . . . . . . . . . .._..........................-.....-...-....... Ra 223 . . . . .._.I..._..._. L I 

Ra 224 . . . . _ .---. --- s 
I 

Ra 218.-........- s 
I 

Ra z?6..---..“1- S 
I 

Radon(E9) . . . .._......_..._..........-.-....--...-.. - . .._I.._... An220 ..--.-..-_ - s 
Fin 222 '".-..,-..... 

J 

3x10-* 
7x10-. 
6x10-' 
4x10-. 
7x10“ 
6X10? 
6X10“ 
6x10-' 
7X10-' 
5x10-9 
IXIQ 
3x10-. 
6X10-‘ 
5x10-a 
6x10-' 
6x10“ 

2x10-" 
3x10-1' 

f;;;::: 

2x10-" 
4x10-" 
oxlo-" 
4x10-* 

2x10+ 

%z . 

2x IO“ 
2x10-" 
3x10-" 
5X10-'* 
2x 10-n 
2x lo-' 
1X10-' 
2x10-7 
2x10-' 
3x10-. 
2x10-. 
6x10-* 
1 iC lo-' 
3x10-. 

;;;gl . 
.5x10-'* 
1x10-" 
1x10-~* 
6x10-' 
2x lo-' 
2x 10-o 

2x lo-" 
5x10“ 

7x10-m 
3x10-" 
5x lo-" 
7x10-" 
4x10-" 

3x10-1 
3x 10-9 

1x10-' 5X10“ 
lJ;J;:' 3x lo-' 

a 2x10-9 
pm; 1 x lo-' 

' 2x10-* 
7X10“ 3x10-0 
4x10-a 3x10-. 
3x10-a 2x10-1 
3x10-1 2X10“ 
3X10“ 2x10-1 
3x10-. 4x10-1 
5x10-* 1X10“ 
3x10-1 2x10-' 
3x10-1 2x10-. 
4x10-* 3X10“ 
3x10-a 2x10-* 
1x10-4 7x10-" 
6x10-' 1x10-" 
1x10+ 6x10-" 
9x10-' 1x10-'* 
1x10-. 6x10-*' 
6x10-' 1x10-11 
7x10-a 3x10-" 
4x10-1 1x10-* 
1x10-' 6x10-1' 
9x10-' 1X10“' 
1x10-. 6x lo-' 
1x10-* 6x10-' 
1x10-' 6x10“' 
3x10“ 1x10-'= 
2x10-' 2x10-" 
8X10“ 7: 1 I-'= 
sx10-' 7x10-9 
6x10-' 4x10-* 
oxlo-' 7x10-. 
0x10-. 5x10-* 
1x10-' 1x10-* 
1x10“ 6x10-' 
6x10-' 2x10-* 
6X10“ 3x10“ 
1x10-1 1x10-* 
1x10- 9x10-* 
7x10-* 6iiO-II 
7x 10-a 3X10“' 
3x10-. 4x10-" 
6X10-' 4x10-" 
4X10“ 2x10-. 
3x10-' 6x10-' 
2x10“ 6x10“' 
1 x lo-' 9x10-" 
7X10“ 2x10-1. 
2x10-. 2x10-" 
4x10-' 3x10-1' 
sx10-' 2x10-" 
6x10-' 2x10-" 
7X10“ 1X10“' 

I ._..." . . . . . 1x10-. 
..I . . . . . . . . . 3x10-9 

3x10-. 
3x10-. 
sx10-' 
7x 10-g 
2x lo-' 
2x10-. 
1x10-. 
1x10-4 
1X10-~ 
1X10“ 
ox lo-' 
2X10“ 
1x10-* 
9X10“ 
1X10“ 
1X10“ 
5x10-. 
3x10-. 
5x10-* 
3X10“ 
5x 10“ 
3x10-9 
2x 10“ 
1x10-* 
5x 10“ 
3X10“ 
3x10-. 
3x10-. 
4x10-. 
1x10-' 
7x10-' 
3x lo-' 
3x10-' 
2x10-. 
3x10-. 
3x10-1 
5x10-' 
5x lo-' 
2x10-. 
2x10-. 
4x 10-9 
4X10“ 
2X10“ 
2x10-. 
9x lo-' 
2x lo-' 
1x10-. 
1X10“ 
7x10-f 
4x10-e 
2X10“ 
5x10-' 
3x10-9 
3x10-. 
3x lo-' 
3x10-. 

-_- _---.- 
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Isea no!l?s 41 end or appordixl 

Tab&l Table II 

Ebment(atcmicwmbetj W' cd.1 cd.2 cd. 1 cd.2 

................................................................. lo Wm.. .... I ............... s&J 
u 86 . ..“. .. ..I ......... I ... 6th 
IQ07 ... ..“. .................. 6th 
KJ w .... ..“” ................ sub 

LMularum (57)................".............." ......................... La 140.. ..................... s 
I 

Lead (82)..................................................- ................. Pb 203 ....................... s 
.i 

Pb210" ..................... s 

Pb 212 ....................... ; 
I 

LlJwti Ql) ................................................................ L&J 177 ....................... s 
I 

Manpame (25) ........................................................... Mn 52 ........................ S 
I 

Mn 54 ........................ s 
I 

Yn56 ...... ..". ............. s 

klem#y (W).....................................................""...... tiQ 197m.................... k 
I 

t4g 197 ....................... s 

Mg 203.. ..................... 6 

v(42). .................................................. ..- - MOW _ ...................... 's 

r.bdpdm (60) ....................................... .."........." .... Nd 14) ....................... 6 
I 

Nd 147"""" ............... s 
I 

Nd149 . . . . . . . . . . . . . . . . . . . . . . S 
I 

Nopt- (93) .......................................... .." .............. Iup 237 ....................... s 

Np239.. ..................... L 

Niiol (26) ._.,___..__.._..,...........,.,.."..........."......"....."..... Ni 59....."..........,........ s 
I 

H 63 . . . . . . . . . . . . . . . . . . . . . . . s 
I 

Ni 65.......................... . S 

Niobiwn(Cokvnbium)(rl) ...................... .._._ ............ NbS3m.. .................... S 

Nb 95.. ....................... k 
I 

Nb 97 ......................... s 

- (76) .................................................... ..." ....... OS 165 ....................... 6 

04 18lm .................... 6 

OS 191 ""..." .............. 6 

OI 193"""" ............... 's 
I 

6x lo-' . . . . . . . . . . . . . . . 1 x 10“ 
1 x lo-' I"....."..... 3x10-' 
1 x 10“ . . . . . . . . . . . . . . . 2x lo-' 
1 x 10-a ".............. 2x LO-1 
2x10-' 7x10-' 5x10-. 
1x10-. 1x10“ 4x10-s 
3x10-* 1x10-a oxlo-' 
2x10-‘ 1x10-' 6x10-* 

1x10-'* 4x10-* 4x10-'* 
2jlXH 5x10-' 6x10-" 

' 6x10-' 6x10-" 
2XlP 5x10-. 7x10-'* 
6x10-' 3x10.' 2x10-' 
5x10“ 3x10-a 2x10-. 
2x10-. 1x10-' 7x10-* 
1x10-. oxlo-' 5x10-* 
4x10-. 4x10-a 1x10-. 
4X10“ 3x10“ 1x10-* 
6x10-' 4x10-l 3x10-' 
5x10-1 3x10-1 2x10-1 
7x10-l 6x10-' 3x10-' 
axlo-' 5x10-' 3x10-9 
1x10-* axlo-' 4x10-0 
3x10-* 1x10-* oxlo-' 
7x10-0 5x10-. 2x10-* 
1x10-' 3x10-' 4x10-9 
7x10“ 5x10“ 3x10-. 
2x10-. 1x10-a 7x10-* 

6x10-" 2x10-l 3x10-" 
3X10-'* 2x10-a 1x10-" 

4x10-' 2x10-1 1x10-9 
2x10-1 2x10“ 8X10-' 
2x10-' 8x10“ 6x10-' 
1x10-1 axlo-' 5x10-* 

4x10-1. axlo-' 1x10-1' 
1X10-1' oxlo-' 4x10-" 
6x10-' 4x10-' 3x10-0 
7x10-. 4x10-1 2x10-. 
5x10-' 6x10-I 2x10-I 
8x10-' 6x10-' 3x10-' 
6x10-' 8x10-' 2x10-* 
3x10-1 2x10-. 1x10-. 
9x10-' 4x10-1 3x10-9 
5x10-' 3X10“ 2x10-. 
1X10“ 1x10-' 4x10-. 
2x10-' 1x10-' 5x10-* 
5x10-1 3x10-' 2x10-* 
1x10-' 3x10-' 3x10-9 
6x10-* 3x10-l 2x10-' 
5x10-* 3x10-1 2x10-' 
5x10-* 2x10-a 2x10-a 
5x10-. 2x10-2 2x10-* 
2x10-' 7x10-l 6x10“ 
Oxlo-' 7x10-s 3x10“ 
1x10-* 5x10-1 4x10-1 
4x10-1 5x10-1 1x10-' 
4x10-' 2x10“ 1x10-1 
3x10-' 2x10-1 0x10-* 

2x10-a 
2x10-' 
4x10-. 
4x10-9 
1x10-1 
2x10-9 
2x10-1 
2x10-. 
1x10-. 
1x10-. 
3x10-. 
3x10-. 
1x10-. 
1x10-. 
1x10-. 
1x10-. 
2x10-' 
2x10-. 
3x10-. 
5x10-. 
2x10-1 
1x10-. 
2x10-. 
4x10-L 
7x10-1 
6x10-' 
6x10-' 
6x10-' 
3x10-. 
3x10-' 
3X10“ 
3x10-L 
1x10-. 
1x10-. 
2x10-. 
2x10-' 
3x10-. 
7x10-4 
1x10-' 
1x10-' 
4x10-* 
4x10-. 
1x10-' 
1x10-. 
SXlO“ 
9x10-. 
7x10-. 
7x10-. 
3x10-B 
2x10-D 
2x10-. 
2x10-4 
6x10-‘ 
5x10-' 

: 
,t 
‘4 
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CSJHllOlOSIllWtdOfrppdndbrl 

T&MI Tabh II 

E-@DnJcnmba) m' cd.1 ciol.2 cd.1 col.2 

&Lldj 0 &krJ crwwm 

Rhbhn (75).".-.---"..-----....-...-." .. Re 163 ....................... s 

A* 166..........."..." ..-. k 

Ra 107".." ................. : 

.i Ro 166....................... k 
I 

mmdun (45) -.--...~ ---.... __. . . ... .- ... . Rh 103m ................... S 

Rh 105 ....................... L 

Rubldun cvL-"-- W.....‘..". w, 86.. ....................... 's 

Rb 67.........- .............. 6 

-WI. .-...."._"...". Ru 97....""........"" ..... 6 

Flu 1w.. ..................... L 

Ru 105...." ................. k 

Ruloe.." . . . . . . . . . . . . . . . .._. 's 
I 

sunu*m (62) --.-......--- .. 6m 147"............" . ..." s 

snl 151 .... ..".." .......... k 

sm 153 .-. ................ b 

soumnn m:-, -."-- se 46 ....... ..". ............. 6 

60 47 ..z.".............." .. Is 

so4tJ"""". ............ .." s 

sohhn ~).“.~“..--.-- . . . . so75.““” . . . . . . . .I . . . . . . . . 6 
I 

wcal(14).1~-."p," ,. !a 31".."......".." ......... s 

-WI-- ..-- .- Ag 105.. . ..". ............... k 

AQ llGm..- ................ k 

Ag 11 1 ".- ................ : 
I 

sodiun (ll)."".-,.,-.".,."--..."-..."" .. b 22......" ................. ; 

Na 24.1...................... S 

wu'lwm (38)" ___ .. ̂ . .._ _ _.."_"_" ..-. ".". ... srw'll.". ................... : 

9r 86.. ........................ : 

srw.. ... -. ......... .." .... $ 

srm.. .. ".". ................ 

sl 92 . . ..I............... “.. s 
~(lQ,"l.~.---.."~-.-""- SW" __....._......... "^ . . . . ii 

I 

3x10-. 
2x10-. 
6x10-' 
2x10-1 
9x10- 
5x10-' 
4x10-. 
2x10-1 
6X10"' 
6x10-' 
(1X10"' 
5x10-1 
3X10"' 

2x10-9 
6x10"' 
3x10-a 
1x10-' 
7x10-1 
4x10-' 
2x10-a 
9x10"' 
4X10"' 
3X10"' 

j$' 8 
2x10-1 

;;g* 8 
2X10"' 
0X10"' 
3x10-1 
2x10-9 
1X10"' 
6x10"' 
3x10-. 
2X10"' 
3x10-1 
2x10-. 
1x10-. 

7x10-* 7x10-4 2X10-' 
5x10-' 3X10"' 2x10-1 
7X10“ 5x10-' 2X10"' 
2X10"' 
2x10-* 
5x10-' 
8X10“ 
7x10-1 
5x10-. 
6X10“ 
6x10-' 

7x10-u 
3X10-'* 
6x10"' 
1x10-1 
5X10“ 

;;g' 1 

2x10-' 
6X 10“ 
5X10“ 
2x10-' 
1x10-' 
1x10-* 
1x10-. 
6x10-* 
1x10-* 
6x10"' 
6X10-' 
2x10-1 
1x10-* 
3x10-1 
2x10-1 
2x10-1 
@x10-' 
1x10-e 
1x10-' 
*x10-. 
3x10-1 
2x10-' 
1x10-' 

1x10-1 8X10"' 
1X10-' 6x10-' 
2X10“ 2x10“ 

;;;;I: ;;;;:' 8 
3X10"' 2x10-' 
4x10-. 3x10-9 
3x10-' 2x10-" 
2x10“ 2X10“' 
2x10-a 9X10"" 
1X10-' 2x10-9 
1x10-' 5x10-. 
2X10"' 2X10"' 
2x10-a 1x10-. 
1X10"' 6x10-' 
1X10"' 6X10"" 
3x10-a 2x10-. 
3x10“ 2X10“ 
6x10"' 6x10-9 
8X10“ 5x10-* 
9X10"' 4X10" 
axlo-' 4X10“ 
3x10-a 2x10-1 
6x10-' 3x10“ 
3X10-' 2X10“ 
3x10-1 3x10-9 
9X10"' 7x10-9 
9x10-. 3X10-'* 
1X10"' 1x10-* 
1x10-1 6X10-' 
1x10“ 6x10-' 
ha;:; 3X10“' 

4x10-1 
0x10- 5x10-9 
2x10-1 1x10-* 
2x10-1 1x10-* 
3X10-J 6X10-' 
5x10-= 4X10"' 

4x10-' 
4x10-. 
3x10-1 
2x10-. 
3x10-0 
7x10-1 
7X10-' 
1X10“ 
2x10-4 
3x10-. 
3x10-L 
3x10-1 
4x10-. 
7x10“ 
5x10-9 
7X10-' 
6x10-' 
6x10-' 
3X10“ 

3x10-1 3x10-4 3x10-u 
4x10-' 6x10-' 1x10" 
1X10"' 1x10-1 3X10“' 
5x10-9 1x10-1 2X10-" 
4x10-7 2x10-a 2x10“ 
3x10-7 1x10“ 9x10-. 
4x10-1 2X*0-' 2x10“ 
3x10-1 2x10:' 1x10-. 
3x10-1 2X10-' 9x10-' 
3x10-' 6x10-' 9x10-* 

6x10-' 
3x10-. 
9X10"' 
5x10-. 
3X10-' 
2X10"' 
6x10-* 
3x10-. 
1x10-. 
1x10“ 
1X10“ 
1X10"' 
7x10-' 
2X10"' 
1X10“ 
2X10“ 
4x10-4 
3x10-* 
0x10-. 
6x10-' 
1x10-. 
1x10-. 
1x10-. 
1x10-' 
6x10“ 
7X10-' 
4X10“ 
4x10-. 
6x10-' 
ex10-' 
4x10-. 
4x10-' 
@X10"' 
@x10-' 
3x10-1 
3x10-. 
3x10-. 
3x10-. 
0X10"' 
2x10-. 
1x10-4 
1x10-. 
3x10-' 
3X10“ 
4x10-b 

-___.-- 

eL__-. 
.-I__-- 
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tSeel8Ot~~tdOl@ppldkl 

TableI Tabbll 

Element (atomic number) I-’ cd.1 cd.2 cd. 1 cd.2 

tJ&nl) $El) &d) (grll) 

T~nkalm CM) ............................................................... la 162 . .................... 

~emneliurn (a) ........................................................ Tc 66m.. .................... ; 

Tc 66 ......................... S 
I 

Tc 07m. ..................... S 

Tc 97 . . .................... L 
I 

TC Wm... ...... -...-.... . s 

Tc 96 . . . .................... ii 
I 

TalhJrhl (52)............-...........................................~ .... To 125m............- ...... s 
I 

Ta 127m.. .................. S 
I 
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C25 FR 10914. Nov. 17. 1960, as amended at 25 FR 13953, Dec. 30.1960; 26 FR 
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11046, Nov. 25, 1961; 29 
1965; 31 FR 66. Jan. 5. 1966; 37 FR 23319, Nov. 2, 1972; 

39 FR 29314, Oct. 24. 1973; 39 FR 23990. June 28. 1974; 39 FR 25463, July Il. 1974; 39 FR 27121, July 

25. 1974; 40 FR 50705,Oct 31,19751 
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the Administrator’s affirmative deter- 
mination pursuant to section 312(f)(3) 
of the Act. Upon receipt of an applica- 
tion under section 312(f)(3) of the Act, 
the Administrator will determine 
within 90 days whether adequate facil- 
ities’ for the safe and sanitary removal 
and treatment of sewage from all ves- 
sels using such waters are reasonably 
available. Applications made by States 
pursuant to section 312(f)(3) of the 
Act shall include: (1) A certification 
that the protection and enhancement 
of the waters described in the petition 
require greater environmental protec- 
tion than the applic&le Federal 
standard; (2) a map shouiing the loca- 
tion of commercial and recreational 
pump-out facilities: (3) a description of 
the location of pump-out facilities 
within waters designated for no dis- 
charge: (4) the general schedule of op- 
erating hours of the pump-out facili- 
ties: (51 the draught requirements on 
vessels that may be excluded because 

9 140.5 

tion, he shall state the reasons why he 
cannot make such a finding, and shall 
deny the application. If the Adminis- 
trator makes a finding that the waters 
listed in the application require a com- 
plete prohibition of any discharge in 
all or any part of the waters or por- 
tions thereof covered by the State’s 
application, he shall publish notice of 
such findings together with a notice of 
propdsed rule making, and then shall 
proceed in accordance with 5 U.S.C. 
553. If the Administrator’s finding is 
that applicable water quallty stand- 
ards require a complete prohibition 
covering a more restricted or more ex- 
panded area than that applied for by 
the State, he sh&ll state the reasons 
why his finding differs in scope from 
that requested in the State’s applica- 
tion. 

(1) For the following waters the dis- 
charge from a vessel of any sewage 
(whether treated or not) is completely 
prohibited: 

of insufficient water depth adjacent to 
the facility: (6) information indicating 
that treatment of wastes from such 
pump-out facilities is in conformance 
with Federal law; and (7) information 
on vessel population and vessel usage 
of the subject waters. 

(b) A State may make a written ap- 
plication to the Administrator, Envi- 
ronmental Protection Agency, under 
section 312(f)(4) of the Act, for the is- 
suance of a regulation completely pro- 
hibiting discharge from a vessel of any 
sewage, whether treated or not, into 
particular waters of the United States 
or specified portions thereof, which 
waters are located within the bound- 
aries of such State. Such application 
shall specify with particularly the 
waters, or portions thereof, for which 
a complete prohibition is desired. The 
application shall include identification 
of water recreational areas, drinking 
water intakes, aquatic sanctuaries, 
identifiable fish-spawning and nursery 
areas, and areas of intensive boating 
activities, If. on the basis of the 
State’s application and any other in- 
formation available to him, the Ad- 
ministrator is unable to make a find- 
ing that the waters listed in the appli- 
cation require a complete prohibition 
of any discharge in the waters or por- 
tions thereof covered by the applica- 

Boundary Waters Canoe Area. formerly 
designated as the Superior. Little Indian 
Sioux. and Caribou Roadless Areas, in the 
Superior National Forest, Minnesota. as de- 
scribed in 16 USC. 577-577dl. 
[41 FR 4453. Jan. 29, 1976. as amended at 42 
FR 43837. Aug. 31.19771 

I 140.5 Analytical procedures. 
In determining the composition and 

quality of effluent discharge from 
marine sanitation devices, the proce- 
dures contained in 40 CFR Part 136, 
“Guidelines Establishing Test Proce- 
dures for the Analysis of Pollutants.” 
or subsequent revisions or amend- 
ments thereto, shall be employed. 

PART 14 1 -NATIONAL INTERIM PRI- 
MARY DRINKING WATER REGULA- 
TIONS 

Subpari A-Gonoral 

Sec. 
141.1 Applicability. 
141.2 Definitions. 
141.3 Coverage. 
141.4 Variances and exemptions. 
141.5 Siting requirements. 
141.6 Effective date. 

Subpati B-Maximum Contaminant Lovolr 
141.11 Maximum contaminant levels for in- 

organic chemicals. 
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9 141.1 title 40-Protection of Environment 

Sec. 
141.12 Maxlmum contaminant levels for 

organic chemicals. 
141.13 Maxlmum contaminant levels for 

turbldlty. 
141.14 Maxlmum mlcroblologlcal contaml- 

nant levels. 
141.15 Maximum contaminant levels for 

radlum-226. radium-228. and gross alpha 
particle radloactlvity In community 
water systems. 

141.16 Maxlmum contaminant levels for 
beta particle and photon radloactlvity 
from man-made radlonuclides In com- 
munlty water systems. 

Subpart C--Monitoring and Analytical 
Roquirmmont$ 

Emcrrvr DATE NOTE: For community 
water systems serving 75.000 or more per- 
sons. monltorlna must beain 1 year follow- 
Ing promulgation and thdeffeciive date of 
the MCL Is 2 years following promulgation. 
.For community water systems serving 
.lO,OOO to 75.000 persons. monitoring must 
begln within 3 years from the date of pro- 
mulgation and the effective date of the 
MCC h 4 years from the date of promulga- 
tlon. Effective Immediately. systems that 
plan to make signlflcant modifications to 
thelr treatment processes for the purpose of 
complying wlth the TTHM MCL are re- 
qulred to seek and obtaln State approval of 
thelr treatment modlflcation plans. This 
note affects #I 141.2. 141.6, 141.12. 141.24 
and 141.30. For additlonal lnformatlon see 
44 FR 66641. Nov. 29. 1978. 

141.21 Mlcroblologlcal contaminant sam- 
pllng and analytical requirements. 

141.22 Turbidity sampling and analytical 
Subpart A-General 

requirements. 
141.23 Inorganlc chemical sampling and 

8 141.1 Applicability. 

analytical requirements. This part establishes primary drink- 
141.24 Oraanic chemical samollng and ana- ing water regulations pursuant to sec- 

tion 1412 of the Public Health Service 
141.25 Analytical Methods for Radloactlv- Act, as amended by the Safe Drinking 

lty. 
141.26 Monitoring Frequency for Radloac- 

Water Act (Pub. L. 93-523X and rela6 
tlvity in Community Water Systems. ed regulations applicable to public 

141.27 Alternative analytical techniques. water systems. 
141.28 Approved laboratories. 
141.29 Monitoring of consecutive public 0 141.2 Definitions. 

water systems. As used in this part. the term: 
141.30 Toial trihalomethanes sampling. (a) “Act” means the Public Health 

analytical and other requirements. Service Act. as amended by the Safe 
Subpart D-Ropokg, Public Notification and 

Drinking Water Act. Pub. L: 93-523. 
Record Kooping 

(b) “Contaminant” means any physi- 
cal. chemical. biological. or radioloni- 

141.31 Reporting requirements. 
141.32 Public notification. 

Cal-substance or matter in water. - 
tc) “Maximum contaminant level” 

141.33 Record maintenance. means the maximum permissible level 
of a contaminant in water which is de- 

Subpart E-Spociol Monitoring Regulations for livered to the free flowing outlet of 
Olqonic Chomicolr the ultimate user of a public water 

141.40 Special monitoring for organic system, except in the case of turbidity 
chemicals. where the maximum permissible level 

APPENDIX A-SUMMARY OF PUBLICCOMMENTS 
is measured at the point of entry to 

NVD EPA RESPONSES on PROPOSED 
the distribution system. Contaminants 

AMENDMENTS TO THE NATIONAL INTERIM added to the water under circum- 
PRIMARY DRINKING WATER REGUL&TIONS stances controlled by the user. except 
ran CONTROL OF TRIWALOPEIHAN~S IN those resulting from corrosion of 
DRINKING WATER piping and plumbing caused by water 

APPENDIX B-SUMMARY OF MAJOR COMMENT quality, are excluded from this defini- 
(FOR RESPONSES SEC APPENDIX A) tion. 

APPENDIX C-ANALYSIS OF TRIHALONFXHANES Cd) “Person” means an individual, 
AUTHORITY: Sets. 1412. 1414. 1445. and corporation. company. association, 

1450 of the Public Health Service Act. 68 partnership. State, municipality, or 
Stat. 1660 (42 U.S.C. 3OOg-1. 3OOg-3. 3OOj-4. Federal agency. 
and 3OOj-9). (e) “Public water system” means a 

SOURCE: 40 FR 59570. Dec. 24. 1975. unless system for the provision to the public 
otherwise noted. of piped water for human consump- 
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tion. if such system has at least fifteen 
service connections or regularly serves 
an average of at least twenty-five indi- 
viduals daily at least 60 days out of 
the year. Such term includes (1 I any 
collection, treatment. storage, and dis- 
tribution facilities under control of 
the operator of such system and used 
primarily in connection with such 
system, and (2) any collection or pre- 
treatment storage facilities .not under 
such control which are used primarily 
in connection with such system. A 
public water system is either a “com- 
munity water system” or a “noncom- 
munity water system? 

(i) “Community water system” 
means a public water system which 
serves at least 15 service connections 
used by year-round residents or regu- 
larly serves at least 25 year-round resi- 
dents. 

(ii) “Non-community water system” 
means a public water system that is 
not a community water system. 

(f) “Sanitary survey” means an 
onsite review of the water source, 
facilities, equipment, operation and 
maintenance of a public water system 
for the purpose of evaluating the ade- 
quacy of such source, facilities, equip- 
ment, operation and maintenance for 
producing and distributing safe drink- 
ing water. 

tg: “Standard sample” means the 
aliquot of finished drinking water that 
is examined for the presence of coli- 
form bacteria. 

(h) “State” means the agency of the 
State government which has jurisdic- 
tion over public water systems. During 
any period when a State does not have 
primary enforcement responsibility 
pursuant to Section 1413 of the Act, 
the term “State” means the Regional 
Administrator, U.S. Environmental 
Protection Agency. 

(i) “Supplier of water” means any 
person who owns or operates a public 
water system. 

Cj) “Dose equivalent” means the 
product of the absorbed dose from ion- 
izing radiation and such factors as ac- 
count for differences in biological ef- 
fectiveness due to the type of radi- 
ation and its distribution in the body 
as specified by the International Com- 
mission on Radiological Units and 
Measurements (ICRU). 

(k) “Rem” means the unit of dose 
equivalent from ionizing radiation to 
the total body or any internal organ or 
organ system. A “millirem tmremr is 
l/1000 of a rem. 

(11 “Picocurie (pCiY’ means the 
quantity of radioactive material pro- 
ducing 2.22 nuclear transformations 
per minute. 

tm) “Gross alpha particle activity” 
means the total radioactivity due to 
alpha particle emission as inferred 
from measurements on a dry sample. 

tn) “Man-made beta particle and 
photon emitters” means all radionu- 
elides emitting beta particles and/or 
photons listed in Maximum Permissi- 
ble Body Burdens and Maximum Per- 
missible Concentration of Radionu- 
elides in Air or Water for Occupation- 
al Exposure, NBS Handbook 69, 
except the daughter products of thor- 
ium-232, uranium-235 and uranium- 
238. 

to) “Gross boat particle activity” 
means the total radioactivity due to 
beta particle emission as inferred from 
measurements on a dry sample. 

(p 1 “Halogen” means one of the 
chemical elements chlorine, bromine 
or iodine. 

(q) “Trihalomethane” (THM) means 
one of the family of organic com- 
pounds, named &derivatives of meth- 
ane, wherein three of the four hydro- 
gen atoms in methane are each substi- 
tuted by a halogen atom in the molec- 
ular structure. 

(rl “Total trihalomethanes” 
(TTHM) means the sum of the con- 
centration in milligrams per liter of 
the trihalomethane compounds (trich- 
loromethane Cchloroforml, dibromo- 
chloromethane. bromodichlorometh- 
ane and tribromomethane ibromo- 
forml). rounded to two significant 
figures. 

(s) “Maximum Total Trihalometh- 
ane Potential (MTP)” means the 
maximum concentration of total triha- 
lomethanes produced in a given water 
containing a disinfectant residual 
after 7 days at a temperature of 25” C 
or above. 

(t) “Disinfectant” means any oxi- 
dant, including but not limited to chlo- 
rine. chlorine dioxide. chloramines, 
and ozone added to water in any part 
of the treatment or distribution proc- 

-J 
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5 -Z f; LQended to kill or inacti- water systems siting which are made 
w ee.Ydc microorganisms. at the State or local government 
ye m %E% Dec. 24, 1975. as amended at levels. 
c = =. +ol9 9, 1976: 44 FR 68641. Nov. 
sn ii 141.6 Effective dales. 

% %Z shall apply to each public 
s SYHzm. unless the DUbliC water 
zw& all of the following con- 

- Csssrtr only of distribution and 
n tilities (and does not have 
=T- - Y?%%Ion and treatment facili- 
asc 

1 cbrzina all of its water from, but 
i pa @wned or operated by, a public 
V aYsXem to which’ such regula- 
‘-tn z&?-: 

m m not sell water to any person; 
ae 

’ (a) Except aa provided in paragraph 
ib) of this section. the regulations set 
forth in this part shall take effect on 
June-24, 197’7. 

(b) The regulations for total trihalo- 
methanes set forth in 4 141.12(c) shall 
take effect 2 years after the date of 
promulgatlon of these regulations for 
community water systems serving 
75,000 or more individuals, and 4 years 
after the date cf promulgation for 
communities servmg 10.000 to 74.999 
individuals. 
144 FR 68641. Nov. 29. 19’791 

‘f b not a carrier which conveys 
V in inkrstate commerce. Subpart B-Maximum Contaminant 

IOVOIS 
g m Variances and exemptions. 

w I%? granted pursuant to-Sections 
:4I5 ti 1416 of the! Act bv the entitv 
ti zimary enforcement-responsibii- 
Z?. propisions under Part 142, Nation- 
i htrrirn Primary Drinking Water 
wionr Imdementation-Subwart 

rm or exemptions from cer- 

E ~tiances) and Subpart F (Exemp- 

x N of these regulations 

3n+apply where EPA h% primary 
=Z=nt responsibility. 

II433 Siting rquitements. 
sore a person may enter into a fi- 

_?r-rr’a commitment for or initiate 
zGAK!tion of a new wublic water 
Q’sZ?n or increase the capacity of an 
azGng public water system, he shall 
zccZy the State and, to the extent 
azicable, avoid locating part or all 
d -zbe new or expanded facility at a 
sz which: 

(a) The maximum contaminant level 
for nitrate is applicable to both com- 
munity water systems and non-com- 
munity water systems. The levels for 
the other inorganic chemicals apply 
only to community water systems. 

ff 141.11 Maximum contaminant levels for 

Compliance with maximum contami- 
nant levels for inorganic chemicals is 
calculated pursuant to 0 141.23. 

inorganic chemicals. 

(b) The following are the maximum 
contaminant levels for inorganic 
chemicals other than fluoride: 

a: Is subject to a significant risk 
%c earthquakes. floods. fires or 
cc- disasters which could cause a 
-down of the public water system 
K I mrtion thereof; or 

;Sj Except for intake structures, is 
~?z%n the floodplain of a loo-year 
ts7d or is lower than any recorded 
w tide where appropriate records 
exzz The U.S. Environmental Protec- 
-& Agency will not seek to override 
Lt% use decisions affecting public 

con-r +$ 
Arsenic. ._._. . . . . . . . . . . . . . . . . . . . . . . . . . 0.05 
Bawm .._........................................................................... 1. 

. . . . . . . . . . . . 0.010 
CIUM .,.._._,._........... . . . . . . ..__.___........._........................ 0.05 
Lead ,,_.____._._.__.,._.,......................,...........,.......................... 0.05 
Mafcvy _..__......,...,.................................... 0.002 
N&ate (aa N) ._..,,....... .._.. ..____......_........ 10. 
Sam .._........,.,....... . 0.01 
sliver ._.__._.._.,.._...,... . . . ..__..................................... 0.05 

tc) When the annual average of the 
maximum daily air temperatures for 
the location in which the community 
water system is situated is the follow- 
ing, the maximum contaminant levels 
for fluoride are: 

I__. .-.. .- - --- 
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- _-.__ --~ 

Tempecalure LOWI. 
oegrew oogmoa cd¶iur mill@rma 

FahrenheiI pulitr 

53.7 l nd bdw.. .......... 12.0 l nd below.. ......... 2.4 
53.1) IO 58.3 .................. 12.1 to 14.8.. ............... 2.2 
58.4 IO 63.8.. ................ 14.7 to 17.0.. ............... 2.0 
633.9 to 706.. ................ 17.7 lo 21.4.. ............... 11 
70.7 to 79.2.. ................ 21.5 to 26.2.. ............... 1.6 
79.3 to 90.5.. ................ 26.3 to 32.5.. ............... 1.4 

$141.12 Maximum contaminant levels for 
organic chemicals. 

The following are the maximum con- 
taminant levels for organic chemicals. 
The maximum contaminant levels for 
organic chemicals in paragraphs (al 
and (b) of this section apply to all 
community water systems. Compliance 
with the maximum contaminant levels 
in paragraphs (a) and (bl is calculated 
pursuant to Q 141.24. The maximum 
comtaminant level for total trihalo- 
methanes in paragraph (cl of this sec- 
tion applies only to community water 
systems which serve a population of 
10,000 or more individuals and which 
add a disinfectant (oxidant) to the 
water in any part of the drinking 
water treatment process. Compliance 
with the maximum contaminant level 
for total trihalomethanes is calculated 
pursuant to 0 141.30. 

(a) cMorwlwYd hydrocubom: 
EndnIl (1.2.3.4.10. 1o-heuchlor~. I-epoKy- o.ooo2 

1.4. 41.5.6.7.8.El-octahv~l.*-endo. 
ellL5.m t7ap4lnuisml. 

Lndane (1.2.3.4.5.6-hexacMocyC~ heUtW. 0.004 
wy -j. 

Meth~xychkx (l.l.l-Tnchloro-2. Z-bu 1~ 0.1 
melhoryphe~l c4hme). 

Toxrphens (C,Ji,.U,-Technal cl?bnnated 0005 
camphem. 67-69 pacenl chlome). 

(b) Chloro@ewry%. 
2.4-D. (2.4-Dichk1rophewxysc&C aad) 0.1 
2.4.5TP sllvex (2.4.5 001 

Tnchlofc&ewxyprofxor%c acd). 
(c) ToIn1 tnhalomethares (the sum Of the UJt-iCenlrat~XM d 

bromodlfhlofomelhane. dkxwchloromethane. (nbromo- 
methane (bomolorm) m-d trshloromethane (chkuotaml) 
0.10 mgll. 

C40 FR 59570. Dec. 24. 1975. as amended at 
44 FFt 68641, Nov. 29. 19791 

ff 141.13 Maximum contaminant levels for 
turbidity. 

The maximum contaminant levels 
for turbidity are applicable to both 
community water systems and non- 
community water systems using sur- 
face water sources in whole or in part. 
The maximum contaminant levels for 
turbidity in drinking water, measured 
at a representative entry point(s) to 
the distribution system, are: 

(al One turbidity unit (TU). as deter- 
mined by a monthly average pursuant 
to p 141.22. except that five or fewer 
turbidity units may be allowed if the 
supplier of water can demonstrate to 
the State that the higher turbidity 
does not do any of the following: 

( 11 Interfere with disinfection: 
(21 tievent maintenance of an effec- 

tive disinfectant agent throughout the 
distribution system: or 

(3) Interfere with microbiological da- 
terminations. 

(bl Five turbidity units based on an 
average for two consecutive days pur- 
suant to 5 141.22. 

9 141.14 Maximum microbiological con- 
taminant levels. 

The maximum contaminant levels 
for coliform bacteria, applicable to 
community water systems and non- 
community water systems, are as fol- 
lows: 

tal When the membrane filter tech- 
nique pursuant to p 141.21(a) is used, 
the number of coliform bacteria shall 
not exceed any of the following: 

(1) One per 100 milliliters as the 
arithmetic mean of all samples exam- 
ined per month pursuant to 0 141.21 
t b) or (cl; 

(2) Four per 100 milliliters in more 
than one sample when less than 20 are 
examined per month; or 

(3) Four per 100 milliliters in more 
than five percent of the samples when 
20 or more are examined per month. 

(b) (1) When the fermentation tube 
method and 10 milliliter standard por- 
tions pursuant to g 141.21(a) are used, 
coliform bacteria shall not be present 
in any of the following: 

--- __I~ -- _- 
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(1) More than 10 percent of the por- 
tions in any month pursuant to 
O141.21(blortcX 

(ii) Three or more portions In more 
than one-sample when less than 20 
samples are examined per month: or 

(iii) Three or more portions in more 
than five percent of the samples when 
20 or more samples are examined per 
month. 

(21 When the fermentation tube 
method and 100 milliliter standard 
portions pursuant to 9 141.21(a) are 
used, coliform bacteria shall not be 
present in any of the following: 

(11 More than 60 percent of the por- 
tions in any month pursuant to 
0 141.21 (b) or tc); 

(ii) Five portions in more than one 
sample when less than five samples 
are examined per month: or 

(iii) Five portions in more than 20 
percent of the samples when five or 
more samples are examined per 
month. 

(cl For community or non-communi- 
ty systems that are required to sample 
at a rate of less than 4 per month, 
compliance with paragraph (a), (b)(l). 
or (b)(2) of this section shall be based 
upon sampling during a 3 month 
period, except that, at the discretion 
of the State, compliance may be based 
upon sampling during a one-month 
period. 

II 141.15 Maximum contaminant levels for 
radium-226. radium-228, and gross 
alpha particle radioactivity in commu- 
nity water systems. 

The following are the maximum con- 
taminant levels for radium-226. 
radium-228. and gross alpha particle 
radioactivity: 

(al Combined radium-226 and 
radium-228-5 pCi/l. 

(bl Gross alpha particle activity (in- 
cluding radium-226 but excluding 
radon and uranium)-15 pCi/l. 
I41 PR 28404. July 9, 19761 

9141.16 Maximum contaminant levels for 
beta particle and photon radioactivity 
from man-made radionuclides in com- 
munity water systems. 

(a) The average annual concentra- 
tion of beta particle and photon radio- 
activity from man-made radionucl.ides 
in drinking water shall not produce an 

Title IO-Protection of Environment 

annual dose equivalent to the total 
body or any internal organ greater 
than 4 millirem/year. 

(bl Except for the radionuc!ides 
listed in Table A. the concentration of 
man-made radionuclides causing 4 
mrem total body or organ dose equiv- 
alents shall be calculated on the basis 
of a 2 liter per day drinking water 
intake using the 168 hour data listed 
in “‘Maximum Permissible Body Bur- 
dens and Maslmum Permissible Con- 
centration o/ Radionuclides in Air or 
Water Ior Occupational Exposure,” 
NBS Handbook 69 as amended August 
1963. U.S. Depatiment of Commerce. 
If two or more radionuclides are pres- 
ent, the sum of their annual dose 
equivalent to the total body or to any 
organ shall not exceed 4 millirem/ 
year. 
TAEIZ A.-Average annual concentratfonr 

assumed to p.vduce a total body or organ 
dose o/4 mrem/yt 

Tfibum ._......_. .__..,... .,_.. Total bady .._..__...... 2o.ooo 
ScronlnNn-9u . . . . . . . . . . . . . SOM mwmu . . . . . . . . . . . 8 

t41 FFZ 28404, July 9. 19761 

Subpart C-Monitoring and 
Analytical Requirements 

!3 141.21 .Microbiological contaminant 
sampling and analytical requirements. 

(a) Suppliers of water for communi- 
ty water systems and non-community 
water systems shall analyze for coli- 
form bacteria for the purpose of deter- 
mining compliance with 5 141.14. Anal- 
yses shall be conducted in accordance 
with the analytical recommendations 
set forth in “Standard Methods for 
the Examination of Water and 
Wastewater.” American Public Health 
Association, 13th Edition, pp. 662-688. 
except that a standard sample size 
shall be employed. The standard 
sample used in the membrane filter 
procedure shall be 100 milliliters. The 
standard sample used in the 5 tube 
most probable number (MPN) proce- 
dure (fermentation tube method) shall 
be 5 times the standard portion, The 
standard portion is either 10 milliliters 

i 
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APPENDIX VI 

EVALUATION OF RADIATION EXPOSURES AT THE 

FORMER KELLEX RESEARCH FACILITY, 

JERSEY CITY, NEW JERSEY 
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EVALUATION OF RADIATION EXPOSURES AT THE 
FORMER KELLEX RESEARCH FACILITY, 

JERSEY CITY, NEW JERSEY 

The U.S. Department of Energy (DOE) has determined that the 

former Kellex Research Facility -in Jersey City, New Jersey, is pres- 

ently contaminated with radioactive residues resulting from previous 

uses of this property. The Kellex Corporation was formed by the M. W. 

Kellogg Company in 1943 for the purpose of designing and constructing 

the first gaseous diffusion plant for uranium enrichment. Research 

and development work on the gaseous diffusion process was carried out 

for the Manhattan Engineer District (MED) at the Jersey City labora- 

tories. Subsequent subcontracts with MED and the Atomic Energy Commis- 

sion (AEC) also included research and development work toward the 

purex method of reprocessing nuclear reactor fuel elements. Available 

information indicates that work involving radioactive materials was 

conducted in Building 11 and in an unnumbered structure along the 

southwest boundary of the site. Contractual work was terminated in 

July, 1952. 

A radiological survey conducted in June, 1953, indicated that 

Building 11 was free of transferable radioactive contamination and 

external gamma radiation exposures were less than guidelines then in 

use. Subsequent to that survey, the property was sold to Pierpont 

Associates, Incorporated. Many of the structures, including all struc- 

tures suspected of housing radioactive materials, were demolished as 

portions of the site were developed for other uses. 

In March, 1977, a radiological survey was conducted on the con- 

crete pad on which Building 11 once stood. Three of the original 

Kellex buildings were still existing at the time of that survey. Two 

of those buildings were occupied; one was used as a machine shop, the 

other served as a garage. All three of these structures have now been 

demolished. After the 1977 survey, a portion of the original 43-acre 

tract was sold for commercial development. That part of the site is 

now occupied by a shopping center. -J 



114 

Contamination at the former Kellex site is due to small, local- 

ized deposits of natural uranium, natural thorium, and radium-226. 

This contamination will yield slight radiation exposures to persons on 

the site. These slight radiation exposures result primarily from beta 

and gamma radiations emitted by the radionuclides in the soil. Any 

additional radiation exposures received by way of ingestion (e.g., 

eating or drinking on the site) or inhalation of radioactive materials 

are relatively small compared with external radiation exposures. 

A summary of radiation exposures is provided in Table VI-1 along with 

appropriate guidelines and background values. 

The naturally occurring radionuclides present at the former 

Kellex site are also present in minute quantities throughout our envi- 

ronment. Concentrations of these radionuclides in normal soils, air, 

water, food, etc., are referred to as background concentrations. 

Radiation exposures resulting from this environment radioactivity are 

referred to as background exposures. These background exposures are 

not caused by any human activity and, to a large extent, can be con- 

trolled only through man's moving to areas with lower background expo- 

sures. Each an,d every human receives some background exposure daily. 

The use of radioactive materials for scientific, industrial, or 

medical purposes may cause radiation exposures above the background 

level to be received by workers in the industry and, to a lesser 

extent, by members of the general public. Scientifically based guide- 

lines have been developed to place an upper limit on these additional 

exposures. Limits established for exposures to the general public are 

much lower than the limits established for workers in the nuclear . 

industry. 

Uranium-238 is believed to have been created when the earth was 

formed. It is still present today because it takes a very long time 

to decay. The half-life is a measure of the time required for radio- 

active decay; for uranium-238 it is 4.5 billion years. Thus, if 4.5 

billion years ago you had a curie* of uranium-238, today you would 

*The curie is a unit used to measure ti. he amount of radioactivity 
in a substance; one curie represents 37 billion radioactive disintegra- 
tions per second. 

E 

..--_-_ ._ ,-“. 
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Table VI-l. Summary of exposure data at the former Kellex site in Jersey City, New Jersey 

Exposure source Background Guideline value Guideline value for Average levels at the 
levels for general public radiation workers former Kellex site v 

:,, 2 
Gamma radiation 
from daughters 
of uranium, 
radium, and 
thorium 

Background 
averages 6 
microroentgens' 
per hour in 
New Jersey 
area 

-. 
250 microroentgens per 2,500 microroentgens Values ranged from approxi- 
hour above natural per hour for 40 hours mately 5 to 11 micro- 
background for 40 per week and 50 weeks roentgens per hour at one 
hours per week and 50 per year. This is meter, and averaged about 
weeks per year for an equivalent to 7 microroentgens per hour 
individual in the 5 roentgens per year 
general public. This 
is equivalent to 
5 roentgens per year 

Radon in air 

L.4 

Less than one 
picocurieb per 

Continuous exposure 
to 3 picocuries per 

liter of air liter of air 

Exposure for 40 hours 
per week and 50 weeks 
per year to 30 pico- 
curies per liter of 
air 

Estimated concentration is 
less than one picocurie per 
liter of air 

Radon daughters 
in air 

Less than 
0.01 working 
level' 

0.01 working level 
for residences and 
school rooms, and 
0.03 working level 
for other structures 

0.33 working level Estimated average concentra- 
for uranium miners tion is less than 0.001 
exposed for 40 hours working level 
per week and 50 weeks 
per year 

'The roentgen is a unit of exposure to penetrating X or gamma radiation. A microroentgen is one-millionth of a 
roentgen. 

'The picocurie is a unit which was defined for expressing the amount of radioactivity present in a substance. 

'The working level is a unit which was defined for radiation protection purposes for uranium miners. It 
represents a specific level of energy emitted by the short-lived daughters of radon. 
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have one-half curie; 4.5 billion years hence, this would only be one- 

fourth curie. As the uranium-238 decays, it changes into another 

substance, thorium-234. Thorium-234 is called the "daughter" of 

uranium-238. In turn, thorium-234 is the "parent" of protactinium-234. 

Radioactive decay started by uranium-238 continues as shown in 

Table VI-2 until stable lead is formed. The "decay product" listed in 

Table VI-2 is the radiation produced as the parent decays. 

Direct Beta and Gamma-Ray Exposures 

Nuclear Regulatory Commission (NRC) guidelines state that the 

combined dose from weakly penetrating beta particles and from gamma 

rays, measured at a distance of 1 centimeter from any surface, should 

not exceed 0.2 millirad" per hour when averaged over an area of 

1 square meter. The combined dose rate should not exceed 1.0 millirad 

per hour in small area of 100 square centimeters. No recorded measure- 

ment on this site exceeded these guidelines. The highest isolated 

beta-gamma dose rate on site was 0.6 millirad per hour. Consequently, 

any incidental exposure from handling the material associated with 

this isolated spot would be within NRC guidelines. 

As may be seen in Table VI-2, several of the daughters of urani- 

um-238 and of radium-226 emit gamma radiation (gamma rays are pene- 

trating radiation like X rays). Hence, the residues on this site are 

sources of external gamma radiation exposure. External gamma-ray 

exposures measured at 1 meter 'above the ground at the former Kellex 

site ranged from 4 to 11 microroentgenst per hour, with an average of 

7 microroentgens per hour. Exposure to this average level for 2,000 

hours per year, a typical work year, would lead to an exposure of 

14,000 microroentgens. For comparison, a typical chest X ray (accord- 

ing to Department of Health, Education, and Welfare data) might yield 

*The millirad is a unit for measuring the amount of radiation 
energy absorbed by human tissue. 

f The roentgen is a unit which was ned for radiation protection 
purposes for people exposed to gamma radiation. A micro- 
roentgen is one-millionth of a roentgen. 

--- 
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Table VI-2. Uranium-238 decay series 

Parent Half-life Decay products Daughter 

uranium-238 

thorium-234 

protactinium-234 

uranium-234 

thorium-230 

radium-226 

radon-222 

polonium-218a 

lead-214a 

bismuth-214a‘. 

,i 
4.5 billion years 

24 days 

1.2 minutes 

250 thousand years 

80 thousand years 

1,600 years 

3.8 days 

3 minutes 

27 minutes 

20 minutes 

2 
10,000 second 

lead-210 

bismuth-210 

polonium-210 

lead-206 

22 years 

5 days 

140 days 

stable 

alpha 

beta, gamma 

beta, gamma 

alpha 

alpha 

alpha 

alpha 

alpha 

beta, gamma 

beta, gamma 

alpha 

beta 

beta 

alpha 

none 

thorium-234 

protactinium-234 

uranium-234 

thorium-230 

radium-226 

radon-222 

polonium-218 

lead-214 

bismuth-214 

polonium-214 

lead-210 

bismuth-210 

polonium-210 

lead-206 

none 

aShort-lived radon daughters. 
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an exposure of 27,000 microroentgens. Background radiation levels in 

the Jersey City area averaged 6 microroentgens per hour. 

The National Council on Radiation Protection and Measurement 

(NCRP) has recommended a maximum annual whole-body exposure rate of 

500,000 microroentgens per year to an individual continually exposed 

in the general public. This value corresponds to 250 microroentgens 

per hour for 2,000 exposure hours (40 hours per week and 50 weeks per 

year) or to approximately 60 microroentgens per hour for continuous 

exposure. The NCRP guideline would not be exceeded at any locations 

on the Kellex site even for continuous occupancy of the site. 
.i 

Inhalation of Radionuclides 

Radon-222, the daughter of radium-226, is an inert gas which may 

leave the soil and enter the atmosphere. Furthermore, radon can seep 

through concrete floors and accumulate in poorly ventilated buildings. 

At the present, no structures on the site are built over the isolated 

areas contaminated by radium-226. However, if buildings were to be 

constructed over these contaminated areas, radon concentrations in the 

buildings could be slightly elevated above normal levels. It is un- 

likely that the radon concentration in any structures built over the 

most contaminated soil could exceed the guideline value of 3 pico- 

curies* per liter for exposure of the general public as set forth in 

10 CFR 20.? 

As may be seen in Table 'VI-2, the decay of radon-222 produces a 

series of short-lived daughters. The unit which has been developed to 

measure the concentration of daughters is the working level. ' It is 

estimated that present radon daughter concentrations in air on the site 

*One picocurie is one million-millionth of a curie, previously 
defined. 

t Title 10, Code of Federal Regulations, Part 20, is a regulatory 
document published by the Nuclear Regulatory Commission and may be 
found in the FederaZ Register. 

i The working level is a unit which was-&fined for radiation pro- 
tection purposes for uranium miners. It represents a specific level 
of energy emitted by the short-lived daughters of radon. 
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are much less than 0.001 working level. These concentrations are well 

below the guideline value of 0.03 working level suggested in 10 CFR 20. 

It is also doubtful that this guideline value could be exceeded in 

structures built over the most contaminated soil. However, careful 

.' consideration should be given to the location of any structure built 

on or near presently contaminated areas of this site. 

Studies of uranium and other hard-rock miners have established 

that inhalation of large quantities of daughters of radon-222 over 

long periods of time increases an individual's risk of contracting 

lung cancer. The present federal guide value for uranium mine workers 

(given by the Environmental Protection Agency), when translated to the 

units discussed here, would limit mine workers to an exposure of 0.33 

working level, assuming exposure for 2,000 hours per year, a typical 

work year. This level is significantly lower than the exposures 

received by most of the miners included in the studies. 

Other Considerations of Exposure 

The concentration of radionuclides in groundwater samples taken 

at the site were all below the concentration guide for water (CG,) set 

forth in 10 CFR 20. While no crops are currently grown on this site, 

use of the contaminated soil for such purposes could produce addi- 

tional human exposure through consumption of crops which have incorpo- 

rated radium-226, natural uranium, natural thorium, or other radio- 

nuclides. In addition, actions which involve considerable scraping or 

tilling of dry soil, particularly in the areas showing high concentra- 

tions of radionuclides in surface soil, could lead to human exposures 

through inhalation of airborne radioactive dust. 

Risk and Radiation Exposures 

Risks resulting from radiation exposures should be considered 

within the context of other risks incurred in normal living. For 

simplicity, risks to health may be classified in four categories: 

..- _._.. _- .- 
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1. Unacceptable--problems with risk so high as to require 

immediate action, such as severe diseases where medical 

treatment is required to save a life. 

2. Concerned--problems where people are willing to spend 

time and money to reduce potential hazards. Examples 

of this include the maintenance of public highways and 

signs, signals, fire departments, and rescue squads. 

3. Recognized--problems where people may accept some incon- 

venience to avoid certain activities such as flying in 

airplanes, swimming alone, etc. 

4. No great concern--problems with a low frequency of 

occurrence. There is an awareness of potential hazard 

but an accompanying feeling that these problems occur 

only to other people. 

An individual may be exposed to risks over which he can exercise 

some control (voluntary) and risks over which he feels he has no per- 

sonal control or choice (involuntary). 

Daily, an individual is confronted with decisions about risk 

which have an associated benefit--for example, driving a car. This 

can serve as an illustration that a voluntary, concerned risk may be 

deemed appropriate due to the desirable perceived benefit. As another 

example, an individual who smokes cigarettes has subjected himself to 

a risk of lung cancer which is about ten times higher than that for a 
, 

nonsmoker. 

For purposes of radiation protection, all radiation exposures are 

assumed to be capable of increasing an individual's risk of contract- 

ing cancer. A precise numerical value cannot be assigned with any 

certainty to a given individual's increase in risk attributable to 

radiation exposure. The reasons for this are numerous; they include 

the individual's age at onset of exposure, variability in latency 

period (time between exposure and physical evidence of disease), the 

individual's personal habits and state of health, previous or concur- 

rent exposure to other cancer-causing age&, and the individual's 

family medical history. Because of these variables, large uncertain- 

ties would exist in any estimates of the number of increased cancer 

I 
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deaths in the relatively small population exposed at the former Kellex 

site. 

The normal annual death rate * from lung cancer for all population 

groups in Hudson County (as of 1970) was 31.1 deaths per 100,000 popu- 

lation. At the same time, the annual death rates from lung cancer for 

all population groups in the United States and the state of New Jersey 

were 21.1 and 25.7 deaths per 100,000 population, respectively. A one- 

year exposure to the radon daughter guideline value for uranium miners 

(0.33 working level for 2,000 hours) might increase the risk of death 

due to lung cancer by approximately four percent. 

The annual death rate from all types of cancer among all popula- 

tion groups in Hudson County (as of 1970) was 191 deaths per 100,000 

population. At the same time, the death rates from all types of can- 

cer for all population groups in the United States and in the state of 

New Jersey were 151 and 175 per 100,000 population, respectively. A 

one-year exposure to penetrating gamma radiation of 500,000 micro- 

roentgen might increase the risk of death due to all types of cancer 

by about one-tenth of a percent. Exposures in excess of these guide- 

line values would be expected to result in proportionately higher 

increases in risk. Consequently, any action taken to reduce either 

the rate or the duration of radiation exposures would also reduce the 

risk attendant to that exposure. 

There are no data at present which give evidence of a relation- 

ship between low-level exposure of the skin by beta-gamma radiation 

and the development of skin cancers. This does not mean that skin 

cancer cannot be produced by low-level exposures. This does mean that 

the risk associated with guidelines level exposures of the skin is so 

small that it cannot be quantified. 

*Mortality statistics were obtained from data in U. S. Cancer 
Mortality by County: 1950-1969, prepared by the National Cancer 
Institute, 1973, available from the U.S. Government Printing Office. 

J 
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Remedial Measures 

The radiation exposures at the former Kellex site are attri- 

butable to the presence of natural uranium, natural thorium, and 

radium-226 deposits in soil in isolated areas of the site. This con- 

tamination leads to exposures due to external beta and gamma radia- 

tion. Although these present exposures are less than guideline 

values, more serious exposures caused by ingestion of crops grown in 

the contaminated areas could be avoided by removal of the contaminated 

areas of soil. This removal of contaminated areas could be followed 

by backfilling with uncontaminated soil. The.Department of Energy is 

now actively evaluating this and other alternative measures under a 

priority program designed to assure public protection. 

SUMMARY 

The former Kellex site is contaminated with residues resulting 

from the previous use of this site as a research facility handling 

materials containing naturally occurring uranium, thorium, and 

radium-226. This contamination is leading to slight radiation expo- 

sures to persons working on or otherwise occupying the site. These 

result from beta and gamma radiation. Measurements made at the site 

indicate that such exposures do not exceed pertinent guidelines. 

However, the use of the contaminated areas on this site to grow crops 

could lead to human exposure from consumption of contaminated food. 

Consequently some remedial measures are in order. The Department of 

Energy has developed a coordinated plan which addresses the specific 

problems at this landfill site and other formerly utilized MED/AEC 

sites. Currently, work is under way to implement the elements of this 

plan. 

3 
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